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p r e f a c e .
T h e re  i s  s u b m i t t e d  i n  t h i s  t h e s i s  a t h e o r y  o f  t h e  
m echan ism  o f  t h e  h i p  j o i n t  opp o se d  i n  i t s  m o s t  f n n d a m e n ta l  
c jo n c e p t io n  t o  t h e  p r e s e n t l y  a c c e p te d  ’ b a l l  and s o c k e t ’ v i e ^ ' .  Y e t  
t h e  b a s i s  i s  s t r i c t ]  y m o r p h o lo g ic  a l  : t h e  r e s u l t s  a re  f  ounded on 
t h e  s y s t e m a t i c  e x a m in a t io n  o f  o v e r  one h u n d re d  c o m p le te  j o i n t s  
s u p p le m e n te d  b y  more e x te n d e d  o b s e r v a t i o n  o f  t h o s e  d e t a i l s  
e s p e c i a l l y  c o n t r o v e r s i a l ,  and i n c l u s i v e  o f:  t h e  d e t a i l e d  s t u d y ,  
and i n  many c a s e s  o f  s e c t i o n ,  o f  a l a r g e  number o f  m a c e ra te d  
b o n e s .  T h r o u g h o u t  t h e  m a jo r  p a r t  o f  t h e  w o rb  t h e  u s u a l  l i n e s  o f  
a n a to m ic a l  r e s e a r c h  h a v e  b e e n  f o l l o w e d , -  t h e  a d u l t  f o r m a t i o n  has 
'b®en Compared t o  and c o n t r a s t e d  w i t h  t h e  e m b r y o n ic ,  th e  
c o m p a r a t i v e ,  and t h e  p a t h o l o g i c a l  h o m o lo g u e :  b u t  we b e lA * v e  i t  
i s  w?ith p r o f i t  t h a t  a r e v e r s i o n  h a s  b ee n  made t o  t h e  p h y s i c a l  
a s p e c t  o f  o r g a n ic  s t r u c t u r e .
O f so v a s t  a l i t e r a t u r e  as e x i s t s  on th e  
h i p  j o i n t  i t  i s  h a r d l y  p o s s i b l e ,  n o r  i s  t h e r e  n e e d ,  t o  have  
i n d i c a t e d  th e  w h o le . The m o s t  p e rm a n e n t  c o n t r i b u t i o n s  have  
been  f r e e l y  c o n s u l t e d ,  and p e r s o n a l  v e r i f i c a t i o n  made o f  th e  
f a c t s  a c c e p te d .
C e r t a i n  o f  the^ s e c t i o n s  i n t o  w h ic h  s u b d iv is ^ ^  
i o n  h a s  been made may seem t o  have  o b t a i n e d  an u n d u e  e m p h a s is ,  
b u t-  : l t  i s  houed  t h a t  I t  i s  p o s s i b l e '  t o  r e c o g n i s e  t h r o u g h o u t  
t h e  u l t i m a t e  a i m , -  t h e  e s t a b l i s h m e n t  o f  t h e  m echan ism  o f  t h e  
j o i n t .
INTRODUCTION.
The p r e s e n t  te n d e n c y  i n  t h e  e x p l a n a t i o n  o f  
t h e  m e ch a n ism  o f  a j o i n t  i s  t o  r e f e r  to  a l l  i t s  rnovements In  
te rm s  o f  a r  t i f  i c  i a l  c o m b in a t i o n s .  T h is  e r r o r ,  as we b e l i e v e ,  
has a r i s e n  t h r o u g h  th e  n o n - r e c o g n i t l o n  o f  t h o s e  p r i n c i p l e s  o f  
C o n s t r u c t i o n  w h ic h  a re  p e c u l i a r  toP o r g a n ic  j o i n t s .  R e fe re n c e  t o  
t h e  v a r i o u s  t h e o r i e s  o f  t h e  m echan ism  o f  t h e  h i p  j o i n t ,  o r  
r a t h e r  t o  t h o s e  i i .a in  v ie w s  o f  w h ic h  t h e r e  a re  many m in o r  
m o d i f i c a t i o n s ,  may be made s u b s e r v i e n t  t o  th e  c o n s i d e r a t i o n  o f  
t h e  f u n d a m e n ta l  d i f f e r e n c e s  b e tw e e n  a U ie c h a n le a l  c o m b in a t io n  and 
an o r g a n is e d  a r t i c u l a t i o n .  The o l d e s t  t h e o r y  and t h a t  w h ic h  i s  
s t i l l  m o s t  w i d e l y  h e l d  was a dva nced  b y  th e  b r o t h e r s  
H e r e in  i t  i s  h e l d  t h a t  th e  h i p  j o i n t  i s  a b a l l  and s o c v e t  j o i n t :  
t h a t  t h e  a c e ta b u lu m  i s  t h e  a c c u r a t e  c o u n t e r p a r t  o f  t h e  head o f  
t h e  f e m u r :  t h a t  t h e  two a r t i c u l a r  s u r f a c e s  a re  c u r v e d  t o  th e  same
r a d i u s  and b o t h  a re  p e r f e c t l y  s p h e r i c a l :  and t h a t  t h e  l i i i i t s  o f
n o r  L ia i m ovem ent a re  f o u n d  t h r o u g h  th e  c h e c v in g  a c t i o n  o f  th e
j o i n t  l i g a m e n t s  and th e  l ig a m e n to u s  a c t i o n  o f  t h e  s u r r o u n d in g
m u s c le s ,  th e s e  a lo n e  b e in g  h e ld  s u f f i c i e n t  f o r  th e  p r o d u c t i o n  o f  
Uhe 8 t a b i j  i t y  ô f  c oiupl e te  e x t e n s i o n .  I n  t h i s  a c c e p t a t i o n  th e  
e s s e n t i a l  p r  in c  i p ]  es o f  a mec h a n i c ^ l  c o r h  i n a t i o n  a re  d e f i n e d :  t h e  
o p p o s in g  s u r f a c e s  a re  s u r f a c e s  o f  r e v o l u t i o n  and a l l  s e c t i o n s  a t  
r i g h t  a n g le s  t o  t h e i r  axes  a re  m a th e m a t i c a l  c i r c u l a r  a rc  s : a l l  
B io v e ru n ts  a t  t h e  j o i n t  a re  o f  p u re  r o t a t i o n  r o u n d  one o f  th e  
a x e s ,  o r  o f  a c o m b in a t io n  o r  i n t e r m e d i a t e  o f  any  tw o ,  and. th e  
C u r v a t u r e  o f  th e  p a t h  d e s c r ib e d  b y  any p o i n t  on t h e  l im b  may be
d i r e c t l y  a s s o c ia t e d  te ,  t h e  mov i n  g s u r f a c e  w i t h i n  th e  j o i n t :  
f u r t h e r ,  t h e  w h o le  a c t i o n  a re a s  o f  b o t h  a r t i c u l a r  s u r f a c e s  a t  any  
g i v e n  moment o f  t im e  i n  any  o f  th e  more men t s  c o n c e iv e d  a re  i n  
t o t a l  c o n t a c t ,  c o i n c i d e n c e ,  and c O n g r u i t y  , and any f u r t h e r  
m ovem ent i n  th e  sar^e p l a n e ,  p o s i t i v e  o r  n e g a t i v e  i n  b i n d ,  w o u ld  
i n  no d e g re e  le s s e n  t h e  am oun t o f  s u r f a c e  c o n t a c t .  The e f f e c t s  
o f  th e  c o n t i n u a t i o n  o f  s u c h  t o t a l i t y  and c o n s t a n c y  o f  s u r f a c e  
a c t  i o n , ( t h e  a t t r i b u t e s  o f  a m e ch a n ic  a l  c o m b in a t io n , )  may a t  one e 
be r e c o g n is e d  as such as w o u ld ,  t h r o u g h  c o n s t a n t  p r e s s u r e  mw, : / . 
d e - te m in ù n g '  d i s i n t e g r a t i o n  o f  j o i n t  s u r f a c e ,  as w i l l  o c c u r  in  an 
o r g a n ic  j o i n t  and v /h ic h  may n o t ,  l i b e  a s i m i l a r  c h a n g e  i n  an 
a r t i f i c  i a l  c o u | ) l e ,  be  r e m e d ie d  b y  o u t s i d e  i n t e r f  e r e n c e , .  l e a d  t o  
t h e  spe e d y  I n j u r y  o f  j o i n t  c o n s t i t u t i o n  and t h e  e a r l y  i n e f f i c i e n c y  
o f  t h e  p e r fo rm a n c e  o f  j o i n t  f u n c t i o n .  The secon d  t h e o r y  o f  th e  
m echan ism  o f  t h e  h i p  j o i n t ,  t h e r e f o r e ,  e l i m i n a t e s  t h e  t o t a l i t y  
o f  a c t i o n  o f  th e  a r t i c u l a r  s u r f a c e s  a t  any g i v e n  moment*
A c c o r d in g  t o  KONIU th e  j o i n t  s u r f a c e s  a re  t r u % ly  s p h e r i c a l  b u t  
t h a t  o f  t h e  a c e ta b u lu m  i s  o f  a g r e a t e r  r a d i u s ,  so t h a t ,  t h e o r e t ­
i c a l l y ,  t h e  two bones a re  r e s t i n g  t o g e t h e r  a t  o n l y  one p o i n t  i n  
any p o s i t i o n  o f  t h e  a r t i c u l a t i o n .  On c o m p a r is o n  w i t h  t h e  t h e o r y  
o f  th e  w r beRB’ t h a t  o f  KCNTC i s  i n  f u n d a m e n ta l  a g re e m e n t  
r e g a r d i n g  th e  c i r c u l a r i t y  o f  t h e  a r t i c u l a r  a r c s ,  r e q u i r 4 r t g  a
y
r e t e n t i o n  o f  t h e  d e s c r i p t i o n  o f  t h e  riiOv em ents o f  th e  j o i n t  as
t h o s e  o f  r o t a t i o n .  I n  f u n d a m e n ta l  d i f f e r e n c e  i s  t h e  l o c a l i s a t i o n
y  _
o f  th e  s u r f a c e  c o n t a c t ,  c o r o l l a r y  t o  i s  t h e  u n d e r l y i n g
p r i n c i p l e  t h a t  a l l  o t h e r  s u r f a c e  a re a s  a r e ,  a t  th a , t  g i v e n  m o i ie n t ,
in c o n g r u o u s  o r  i n a c t i v e :  i n  a i l ,  a due r e c o g n i t i o n  o f  th e
4.
p r i n c i p l e  o f  t h e  m e ch a n ism  o f  an o r g a n is e d  a r t i c u l a t i o n , -  t h e
n e c e s s i t y  o f  t h e  s u c c e s s io n  o f  f ' l n c t i o n a l  c o n t a c t  and o f  a 
p e r i o d  o f  r e s t  o r  i n a c t i v i t y ,  d u r i n g  v ih ic h  t h e r e  may be a 
r e s t o r a t i o n  o f  th e  d e t e r i o r a t i o n  o f  o r g a n is e d  m a t t e r  i n c i d e n t a l  
t o  i t s  t e r n  o f  a c t i v i t y .  I n  o b j e c t i o n ,  hower/ e r , t o  KONTN’ B 
t h e o r y  i s  t h e  m in im a l  n a t u r e  o f  th e  p o s s i b l e  c o n g r u i t y  i n  th o s e  
p o s i t i o n s  i n  w h ic h  s t a b i l i t y  i s  c h a r a c t e r i s t i c  o f  th e  j o i n t :  
f o r  no s p h e r i c a l  C o m b in a t io n ,  a r t i f i c i a l  o r  o t h e r  % i s e , and i n  th e  
l a t t e r '  en i n  th e  h i g h e s t  a c t i v i t y  o f  l i g a m e n to u s  o r  m u s c u la r  
s u p p o r t ,  a p a r t  f r o m  an im p o s s ib l e  i n t e r n a l  n u l  t i p i  i c  i t y  o f  
l i g a m e n t  o r  an  u n n a t u r a l  ma i n  t a  i n  enc e o f  m u s c u la r  c o n t r a c t i o n ,
L
r e t a i n  i t s  s t a b i l i t y  w i t h  a c o n t a c t  c o n f  in e d  t o  one m e rê -d ia n .
The s u c c e e d in g  t h e o r i e s ,  t h e r e f o r e ,  a re  f o u n d  t o  be e s s e n t i a l l y
m Æ-.
s i m i l a r  t o  one a n o th e r  i n  t h e i r  d e f i n i t i o n  o f   ̂t h e  o n l y  f u r t h e r  
r a t i o n a l  mod i f  i c  a t  i o n  o f  th e  c o n s t r u c t i o n  o f  a s t a b l e  c o m b in a t i o n ,  
i?b*'"tbrai!rHfherne--irs-h a d e p a r t u r e  o f  t h e  j o i n t  s u r f a c e s
f r o m  th e  s p h e r i c a l  f o r m ,  t h u s  e n s u r i n g  n o t  o n l y  t h e  r e q u i r e d  
s u c c e s s io n  o f  s u r f a c e  c o n t a c t  b u t  a l s o  t h a t  t h e  a re a s  o f  
‘C o n g ru e n c e  a re  o f  d im e n s io n s  s u f f i c i e n t  f o r  t h e  f u n c t i o n s  o f  
t h e  j o i n t :  b u t  i n  th e  m o d i f i c a t i o n s  p u t  f o r w a r d  b y  ARBY and b y  
KRAUBr t h e r e  i s  n o t  a d e f i n i t e n e s s  s u c h  as m ig h t  have  been 
e x p e c te d  i f  f o u n d e d  on th e  w o rk s  o f  BiRYRR, o f  HEIBBNrR, o r  o f  
LAN©eR, w h i l e  (rCODBlR’ d c o n t r i b u t i o n  i s  l a c k i n g  i n  d e s c r i p t i v e  
d e t a i l ,  p o s s i b l y  thazeugW n o t  h a v in g  bee n  c o m p ie te d  f o r  p u b l i c a t i o n .  
As d e f i n e d  b y  A rBY f r o B i  t h e  r e s u l t s  o f  m e a s u re ic e n ts , and 
s u p p o r te d  b y  t h e  f a c t s  o f  c o m p a r a t i v e  a n a to m y ,  th e  head o f  th e  
fe m u r  i s  n o t  s p h e r i c a l  b u t  i s  'a n  o b l i q u e  p o le  segm en t o f  a
o •
r o t a t i o n a l  e l l i p s o i d ' *  n-OCDBIR, on th e  o th e r  h a n d ,  does n o t  
a t t e n ip t  t o  d e f i n e  th e  g e o m e t r ic  f o r m s  o f  t h e  head  o f  t h e  f e r u r  o r  
o f  t h e  a c e ta b u lu m ,  o r  th o s e  t o  w h ic h  th e y :  m o s t  c l o s e l y  a t t a i n ,  
b u t  s t a t e s  t h a t  th e  mec han isB i o f  th e  j o i n t  i s  i n  t h e  a l t e r n a t e  
a c t i o n  o f  two sc re v^s ,  t h e  head o f  th e  fe m u r  b e in g  ' f a c e t t e d ’ i n  
two s e p a r a t e l y  a c t i n g  a r e a s ,  a n t e r i o r  and p o s t e r i o r  i n  p o s i t i o n .  
These  C o n c lu s io n s  a re  f u l l y  e n t e r e d  i n t o  l a t e r ,  b u t  i t  i s  
n e c e s s a r y  t o  r e c o g n is e  t h a t  d e p e n d e n t  o n l y  on t h e s e  o r  on s i m i l a r  
v ie w s  i s  t h e r e  th e  a p p l i c a t i o n  o f  th e  f u n d a m e n ta l  p r i n c i p l e s  
o f  o r g a n ic  j o i n t  c o n s t r u c t i o n  t o  th e  e l a b o r a t i o n  o f  t h e  m echan ism  
o f  th e  m o s t  h i g h l y  m o d i f i e d  human a r t i c u l a t i o n ,  t h e  h i p  j o i n t *
D n - b r i e f  e n u n c i a t i o n  t h e s e  p r i n c i p l e s  a r e : -  t h a t  s e c t i o n s  o f  
t h e  a r t i c u l a r  s u r f a c e s  a t  r i g h t  a n g le s  t o  t h e i r  axes a re  n o t  
m a th e m a t ic a l  a r c s ,  so t h a t  t h e y  a re  n o t  s u r f a c e s  o f  r e v o l u t i o n :  
t h a t  th e  mov em ents  w i t h i n  t h e  j o i n t ,  i n f l u e n c e d  b y  th e  
c o n f i g u r a t i o n  o f  i t s  s u r f a c e s ,  w i r l l  n o t  iye mov emen t s  o f  s im p le  
r o t a t i o n :  t h a t  t h e  w h o le  o f  e i t h e r  a r t i c u l a r  s u r f a c e  m-.
ire  i n  r e c i p r o c a l  c o n g ru e n c e  w i t h  i t s  c o n m le m e n t  i n  any  p o s i t i o n  
o f  th e  c o B ip o n e n ts  c o n c e r n e d ,  b u t  b-e i n  p a r t  i n  a c t i o n  and
in  p a r t  i n a c t i v e  o r  a t  r e s t .
The h i g h  d e g re e  o f  m o d i f i c a t i o n  o f  t h e  
human h i p  j o i n t  i s  d e p e n d e n t  on i t s  d u a l  f u n c t i o n :  f o r  n o t  o n l y  
does  i t  r e q u i r e  t o  se r^  e as t h e  s o le  means o f  l o c o m o t i o n  i n  i t s  
a t t r i b u t e  o f  a l B b s t  e x c e s s iv e  m o b i l i t y ,  b u t  i t s  s t a b i l i t y  m u s t  be 
o f  a m a x i r i i u m / r e q u is i t e  t o  f o r m  th e  s o le  means o f  t r a n s m is s io n  o f  
th e  w h o le  b o d y  w e i g h t .  F o r  b o t h  p u rp o s e s  th e  same m o r p h o lo g ic a l  
d e t a i l s  a r e ,  i n  t h e i r  f u n c t i o n ,  e f f i c i e n t .  F i r s t ,  t h e  r e c i p r o c a l
b •
c o n f i g u r a t i o n  o f  t h e  s e p a r a t e l y  a c t i n g  a re a s  o f  t h e  o p p o s in g  
a r t i c u l a r  s u r f a c e s ;  s e c o n d ,  t h e  g u i d i n g  and s u p p o r t i n g  a c t i o n  
o f  t ji|e j o i n t  l i g a m e n t s  and t h e  a c c e s s o r y  c a p s u la r  s t r u c t u r e s :  
t h i r d ,  t h e  i n i t i a t o r y  and c o n t r o l ]  i n g  m echan ism  o f  th e  j o i n t  
m u s c le s .  A s e r i e s  o f  s im p le  exam rin -a t ions  v j i l l  d e f i n e  t h e  r e l a t i v e  
a c t i v i t y  o f  th e s e  f a c t o r s  as d e t e r m in a n t  o f  t h e  mcr^ements 
w i t h i n  th e  j o i n t .  By d i s a r t i c u l a t i o n  a t  th e  s a c r o - i l i a c  
s y n c h o n d r o s is  and s e c t i o n  a t  th e  a n t e r i o r  s y m p h i |s is  an e n t i r e  
l i m b  i s  i s o l a t e d  f r  om th e  t r u n k , and f r o m  th e  u e i v i c  a s p e c t  an 
' a c e t a b u l a r  w in d o w ' i s  f o r m e d ,  l e a v i n g  i n t a c t  t h e  s y n o ^ ^ ia l  
membrane and t h e  e x t r a - s y n o v  i a l ,  f a t .  The p e l v i c  e le m e n t  i s  
f i x e d ,  and means a d o p te d  t o  r e c o r d  th e  p o s i t i o n  o f  t h e  l i r ®  a t  
t h e  l i m i t s  o f  t h e  uiov eryents o f  f l e x i o n  and e x t e n s i o n .  1 .  The
('!} J.j-
s y n o v i a l  membr ane is ) ,  i n t a c t : -  Commencing f r o m  th e  p o s i t i o n  o f  
s e m i - f l e x i o n ,  th e  ' r . i i d - p o s i t i o n '  , a l l o w  th e  w e ig h t  o f  th e  l i i . b  
t o  d e te r m in e  i t s  p o s i t i o n  i n  f u l l  e x t e n s i o n .  D u r in g  th e  w h o le  
movement and v r i t h  a p e r c e p t i b l e  in c r e a s e  to w a rd s  i t s  t e r m i n a t i o n  
t h e  e x t r a - s y n o ^  i a l  f a t  i s  p r o t r u d e d  i n t o  th e  o p e n in g  made a t  th e  
ac e t a b u l a r  f o s s a .  On r e v e r s i o n  to  th e  m i d - p o s i t i o n  a r e c e s s i o n  
o f  th e  f a t  w i t h i n  th e  c a v i t y  o c c u r s .  On p a s s in g  onw a rds  to  th e  
p o s i t i o n  o f  f u l l  f l e x i o n  and on s u b s e q u e n t  r e v e r s i o n ,  e x a c t l y
s - im i l  a r mcv em en ts  o f  p r o t r u s i o n  and r e c e s s i o n  a re  u n d e rg o n e  b y
t h e  f a  t t y  p a d .  A hand  p la c e d  on the  l i m b  d u r i n g  th e  w h o le  
e x c u r s io n  o f  th e  mw eDient f r o m  f u l l  f l e x i o n  t o  f u l l  e x t e n s i o n  
d e t e c t s  no b re a k  o f  a r t i c u l a r  s u r f a c e  c o n t a c t  a t  th e  moment 
when th e  f a t  i s  a t  r e s t  b e tw e e n  th e  two ph a se s  o f  m o rT e rc n t .
2 .  ReLov e th e  s y n o v i a l  membrane and t h e  o v e r l y i n g  f a t : -  The
head  o f  t h e  fe m u r  I s  v i s i b l  e in  i t s  m ovem ents w h i l  e th e  l i r .  b
p e r f o r m s  i t s  e x c u r s io n  f r o r .  th e  m i d - p o s i t i o n  in  b o t h  d i r e c t i o n s .
W i t h o u t  e n t e r i n g  i n t o  d e t a i l  th e  ma^ e i .e n t  o f  t h e  h e a d  as a w h o le
L ^ y  be o b s e r ;  ed as a p r o g r e s s i o n  f o r w a r d s ,  u p w a r d s ,  and in w a r d s
t h r o u g h o u t  t h e  p o s i t i v e  p h a se s  o f  b o t h  m o t i o n s ,  and as a
r e c e s s i o n  t h r o u g h  an o p p o s i t e  p a t h  d u r i n g  th e  r e v e r s i o n  t o  th e
m i d - p o s i t i o n .  3 .  ^ A l l  th e  m u s c u la r  s t r u c t u r e s  r o u n d  th e  j o i n t
a r  e r  ema/ e d ,  l e  av in g  th e  c ap s u l  e e n t i r e  : d e s t r o y  th e  su r f a c e
C o h e s io n  b e tw e e n  th e  a r t i c u l a r  e le m e n ts  Tn th e  r j . i d - p o s i t  i o n
th e  c a p s u le  i s  o f  a l a x i t y  s u f f i c i e n t  to  a l lO T- th e  head o f  th e
fe m u r  t o  be s e p a r a te d  f r o m  c o n t a c t  w i t h  th e  a c e ta b u lu r s ,  th e
a p i c a l  d i s p la c e m e n t  a m o u n t in g  t o  1 .  t o  l . A  cp iS . On p a s s in g
to w a rd s  t h e  p o s i t i o n  o f  e x t e n s i o n  th e  h ea d  i s  r e i n t t ' o d u e e d  w i t h i n
th e  a c e ta b u lu m ,  so t h a t  a t  th e  c o n c l u s i o n  o f  th e  r .ove r.e n t  i t  has
t r a v e l l e d  a lo n g  a p a t h  s i m i l a r  t o  th o u g h  m ere  e x te n d e d  th a n
) 1
t h a t  i n d i c a t e d  ab ô r e ; and th e r  e i s  no  i n c r  ease i n  th e  amp 1 i t u ce 
o f  t h i s  mov ement o f  th e  l i m b .  4 ,  C o r . p le t e l y  s e c t i o n  th e  c a p s u le  
and d i v i d e  th e  l ig a m e n tu m  t e r e s ,  so t h a t  t h e r e  i s  no o r g a n ic  
c o n n e c t i o n  b e tw e e n  the  f e r u i r  and t h e  p e l v i s : -  I n t r o d u c e  t h e  head 
o f  t h e  fe m u r  w i t h i n  th e  a c e ta b u lu m  as & a r  as i s  p o s s i b l e  i n  th e  
r r i d - p o s i t i o n ,  and m a i n t a i n i n g  i t s  c o n t a c t  w i t h  th e  a c e t a b u lu r .  
by p r e s s u r e  from . vi i t  b o u t ,  a t  low  t h e  1 imb t o  pass  to w a rd s  th e  
e x te n d e d  p o s i t i o n .  The head  o f  t h e  f e r .u r  r . a r es a lo n g  th e  
p r e ^ r io u s ly  d e s c r ib e d  p a t h ,  b u t  a t  t h e  moment o f  t h e  c o n t i n u a t i o n  
o f  th e  rn v  ement b e y o n d  th e  f o r m e r  l i r i t  o f  e x t e n s i o n  th e  
a r t i c u l a r  s u r f a c e s  w i l l  be d e t e c t e d  t o  b re a k  c o n t a c t  i n  ^-.hat 
r*ay be t e r  rye d a, ’ s u r f a c e  d i s l o c a t i o n ’ , and th e  head o f  th e
f e m u r  r e c e d e s  f r o m  th e  a c e ta b u lu m .  The s h a r e  o f  th e  a r t i c u l a r  
s u r f  ac e s , t h e r  e f o r  e , and no t  t  he ru s c  u  1 ar o r  1 ig a r .  en to u s  
C o n n e c t io n s ,  i s  th e  u l t i i a a t e  d e t e r m in a n t  o f  t h e  law e r u n t s  o f  
th e  b o n e s  r e l a t i v e  to  one a n o th e r  w i t h i n -  th e  - j o i n t .  .
We p ro p o s e  t o  a p p ro a c h  th e  s tu d y "  o f .  th e '  
D .echanisL i o f  th e  h i p  j o i n t  f r o m  th e  t h r e e  s ta g e s  o f  th e  f o r e g o  in g  
ex p e r  Im e n t  : t o  de t e r m in e , , -
1 .  t h e  a c t i o n  o f  t h e  j o i n t  m u s c le s  : ' '
2 .  t h e  mec ha n ism  o f  t h e  c a p s u le  : a n d ,  . •_
3 • th e  c o n f  i g u r  a t i o n  o f  t h e  ar t i c  u l a r  s u r  f  ac e s .
I n  e a c h  s e c t i o n  we d e a l  f i r s t  w i t h  th e  
m o rp h o lo g y  o f  th e  s t r u c t u r e s  c o n c e r n e d ,  and s u b s e q u e n t l y  w i t h  
t h e i r  ’ p h y s i c a l  a n a to m y ’ and m e c h a n is m .
to "ttté re
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THE PUBOLBB QF THE H IP  JO ^NT. .
(1 )
The f u n c t i o n s  o f  n u s e u l  an t i s s u e  
r e l a t i v e  t o  t h e  m echan ism  o f  a j o i n t  may t h u s  he  surunar i  s ed : -
1 .  t h e  d is p la c e m e n t  i n  s p a c e  o f  one o r  b o t h  o f  i t s ,  
osse o u s  a t ta c h m e n ts  :
2 .  t h e  f i x a t i o n  o f  i t s  a t t a c h m e n ts  i n  c e r t a i n  o f  t h e  
p o s i t i o n s  o f  d i s p la c e i r i e n t ,  e i t h e r  b y  a c t i v e  
c o n t r a c t i o n  and t h e  e s t a b l i s h m e n t  o f  b a la n c e  b e tw e e n  
i t s  o p p o s in g  g r o u p s ,  o r  b y  a l i g a m e n t o u s  a c t i o n ,
a c c o r d in g  t o  th e  r e l a t i o n  o f  t h e  p o s i t i o n  assumed t o  
t h e  p o s s i b i l i t y  o f  a c t i o n  o f  t h e  o t h e r  f a c t o r s  
i n v o l v e d  in  t h e  d e t e r m i n a t i o n  o f  s t a b i l i t y :  i n  th e  
f u l l  a c t i o n  o f  th e s e  o t h e r  f a c t o r s  m u s c u la r  c o n t r a c t ­
io n  i s  u n n e c e s s a r y  : a n d ,
3 .  t h e  r e t e n t i o n  i n  c o n t a c t  o f  t h e  o p p o s in g  j o i n t
. s u r fa c e s  tn  th o s e  p o s i t i o n s  i n  w h ic h  th e  l a x i t y  o f  
, t h e  a r t i c u l a r  c a p s u le  m ig h t  p e r m i t  o f  a s e p a r a t i o n .
We s h a l l  t r e a t  o f  t h e  n u s c ie s  o f  t h e  
h i p  j o i n t  a c c o r d in g  t o  t h e s e  d e f i n i t i o n s .
1 .  t h e  NUHCLEH ab hFWrcTORB OF BOVEMEHT.
The a t t i t u d e  o f  s t a n d in g  and th e  
m o t io n s  o f  w a lk  in g  a re  those^ a l l  ^  w h ic h  th e  b o d y  may 
p e r fo rm ^  t h a t  h a v e  been  t h o u g h t  m o s t  s u i t a b l e  o f  e x p l a n a t i o n  on
1 .  T h e re  a r e ,  o f  c o u r s e ,  p o i n t s  o f  r o r p h o  l o g i c  a l  im p o r ta n c e  i n  
C o n n e c t io n  w i t h  t h e  r ju s c ie s  o f  t h e  h i p  j o i n t ,  b u t  as th e s e  i n  
t h e  m a in  r e l a t e  t o  t h e i r  p o s s i b l e  f  o r  r u t  i o n  o f  t h e  c a p s u la r  
l i g a m e n t s ,  t h e y  a re  d i s c u s s e d  w i t h  t h e  m o rp h o lo g y  o f  t h e  
c a p s u le .
j #
m e c h a n ic a l  p r i n c i p l e s .  I t  i s  p r o b a b l y  on t h i s  g ro u n d  t h a t  so 
d i v e r g e n t  a re  t h e  c o n c l u s i o n s  a r r i v e d  a t :  f o r  t h e  manner o f  
m a in t a in a n c e  o f  t h e  e q u i l i b r i u m  on  b o th  l i r h s ^  o r  on one i s  as- 
v a r i a b l e  as t h e  v a r i e t y  o f  b o d y  a t t i t u d e s  assum ed , i s  s h a re d  i n  
b y  th e  w h o le  b o d y ,  and i s  n o t  a p e c u l i a r  f u n c t i o n  o f  th e  h i p  
j o i n t s .  The e s s e n t i a l  f u n c t i o n s  o f  th e  s a c r a l  e x t r e m i t i e s  a re  
n o t  such  as a re  c o n c e rn e d  in  th e  p r e s e r v a t i o n  o f  b a la n c e ,  b u t  as 
a g e n ts  o f  t r a n s m i s s i o n  o f  t h e  a l r e a d y  e q u ip o is e d  b o d y  v,/ e i g h t :  
and as means o f  p r o g r e s s i o n ,  so t h a t  t h e  e s s e n t i a l  mov emen t s  o f  
t h e i r  coB /ponen t a r t i c u l a t i o n s  a re  th o s e  o f  t h e  p la n e  o f  th e  
p r o g r e s s i v e  B iovem ent. I n  b ip e d  p r o g r e s s i o n ,  e s p e c i a l l y ,  
a c c e s s o r y  m ovem ents a re  n e c e s s a r y  a t  th e  p r  ox iB ia l  a r t i c u l a t i o n ,  
i n  t h a t  i t  w d lp—he-requ-ir-^ed t h a t  t h e  g r a v i t y  l i n e  o f  th e  b o d y  
s h o u ld  be c a p a b le  o f  a, r a n g e  o f  d i s p la c e m e n t  s u f f i c i e n t  to  
e s t a b l i s h  i t s  d i r e c t i o n ,  a l t e r n a t e l y ,  i n  t h a t  o f  t h e  a x i s  o f  th e  
s u p p o r t i n g  u n i t f - a n d  fehese d is p la c e m e n ts  o f  th e  t r u n k  w i n  be' 
i n f l e c t i o n s  a b o u t  an a n t e r  o -p o s  t e r  i o r  a x i s ,  and f u r t h e r ,  t o  
p e r m i t  o f  th e  f o r w a r d  m ovem ent o f  th e  b o d y ,  r o t a t i o n s  r o u n d  a 
v e r t i c a l  a x i s .  These a c c e s s o r y  m o v  en. en t s  a re  c o n s t a n t l y  
a s c r ib e d  to  t h e  fe m u r  as a b d u c t i o n  and a d d u c t i o n ,  and r o t a t i o n
A
i n t e r n a l l y  and e x t e r n a l l y ,  so t h a t  t h e  c l a s s i f i c a t i o n  o f  th e u <  
p r im a r y  m ovem ents o f  th e  t h i g h  as- t h e s e  " i n -- a d d - i t i h n - t e  t h e  
e s s e n t i a l  m ovem ents o f  f l e x i o n  and e x t e n s io n  i s  u s e f u l  o n l y  as 
d e s c r i p t i v e  o f  i t s  p o s s i b l e  d i s p la c e m e n ts  r e l a t i v e  t o  th e  t r u n k  : 
f o r  t h e  a c t u a l  m ovem ent o f  t h e  l i m b  i n  t h e  m o t i o n  o f  p r o g r e s s i o n  
w i l x  be d e f i n e d  in  th e  p la n e  o f  p r o g r e s s i o n ,  th o u g h  t h e  r e l a t i v e  
BIOVement, and s u c h  as w i l l  o c c u r  a t  t h e  j o i n t ,  may be a
12 ,
c o m b in a t io n  o f  th e  t h r e e  a l t e r n a t i v e s .  A c c e p t  i n g ,  h o w e v e r ,  th e
t r a d i t i o n a l  d e s c r i p t i o n  o f  t h e  m ovem ents as t h o s e  o f  t h e  l i m b ,
and w i t h o u t  r e f e r e n c e  t o  th o s e  o c c u r  in g  a t  t h e  j o i n t ,  an a n a l y s i s
( 1)
o f  t h e i r  e x t e n t  and in c id e n c e  i s  r e q u i r e d .  I t  i s  n o t  p r a c t i c ­
a b le  t o  d e te r m in e  a p o s i t i o n  f r o m  w h ic h  m ovement o f  th e  l i m b  in  
e v e r y  d i r e c t i o n  w o u ld  be o f  e q u a l  a m o u n t,  so t h a t  r e c o u r s e  i s  
made t o  w h a t  i s  te rm e d  t h e  ’ n o rm a l  p o s i t i o n ’ f r o m  w h ic h  th e  
am oun t o f  movement i n  any  d i r e c t i o n  may be m e a s u re d .  I n  t h i s  
p o s i t i o n  t h e  'm e c h a n ic a l  a x i s ’ o f  t h e  f e m u r ,  t h a t  i s  th e  l i n e  
f r o m  th e  c e n t r e  p o i n t  o f  th e  h e a d  t o  t h e  c e n t r e  p o i n t  o f  th e  
e x t r e m i t y  a t  th e  k n e e ,  i s  v e r t i c a l ,  and i f  c o n t i n u e d  downwards 
p a s s e s  t h r o u g h  th e  c e n t r e  p o i n t  o f  th e  a n k le  j o i n t :  as seen  
f r o m  th e  f r o n t  th e  ’ a n a to m ic  a l  a x i s ’ o f  th e  s h a f t  f o r m s  w i t h  
t h e  m e c h a n ic a l  a x i s  an a n g le  o f  5° t o  7®, and t h e  p la n e  o f  th e  
pel'^Cic i n l e t  i s  i n c l i n e d  t o  th e  h o r i z o n t a l  a t  55 '^ . F ro iL  t h i s  
p o s i t i o n  f l e x i o n  i n  a p u r e l y  v e r t i c a l  d i r e c t i o n  i s  p o s s i b l e  t o  
181® , and e x t e n s io n  may be c a r r i e d  o u t  t h r o u g h  1 3 ^ ,  t h e  t o t a l
p o s s i b l e  e x c u r s io n  in  t h i s  p la n e  th u s  b e in g  134®. ( BRAUNR g i v e s  
^ o  o
135 , '¥SBER 139 . )  The i n f l u e n c e  o f  t h e  a c c e s s o ry  mor;ements on 
th e  r a n g e  o f  m o t io n  in  t h i s  u la n e  i s  s u c h  t h a t  a C o m b in a t io n  o f  
any  o f  t h e  a l t e r n a t i v e s  t o  any  e x t e n t  w i l l  d i m i n i s h  th e  t o t a l  
e x c u r s i o n ,  a p a r t  f r o n i  an in c r e a s e  o f  1 .5 ®  when 0® o f  r o t a t i o n
i s  C o m b ined  w i t h  5® o f  a b d u c t i o n .  (RRYNR.) F rom  th e  ’ n o rm a l
\ ( 8 )
p o s i t i o n ’ an  e x c u r s io n  o f  a b d u c t i o n  and a d d u c t i o n  " i n  a p la n e
1 .  The d e s c r i p t i o n  g i v e n  i s  f o u n d e d  on t h a t  o f  FECK.
8 .  As ^d e s c r i p t i v e  o f  th e s e  m ovem ents we w o u ld  p r e f e r  th e  t e r i .  o f  
s id e  e l e v a t i o n ’ f r o m  and to w a rd s  t h e  t r u n k ,  and t o  r e f e r  t o  
t h e  movements o f  a b d u c t i o n  and a d d u c t i o n  when th e  bone  as a 
w h o le  i s  c a r r i e d  away f r o m  o r  to w a rd s  t h e  m ed ian  p l a n e .
1 3 .
a t  r i g h t  a n g le s  t o  th e  f o r m e r  v e r t i c a l  i s  p o s s i b l e  t o  t h e  e x t e n t
( 1)
o f  ?4 , w h i l e  r o t a t o r y  t^ovements r o tm d  t h e  m e c h a n ie a l  a x i s  
r;;ay o c c u r  t h r o u g h  4 9 ^ .  On m a p p in g  t h e s e  f i g u r e s  and t h o s e  
o b t a i n e d  in  o t h e r  p la n e s  o f  m ovem ent on a g ra d u a te d  s p h e r e ,  t h e  
e x t e n t  o f  m ovem ent i n  any  g i v e n  n  o rb  i n a t i o n  may be d e te r m in e d  : 
and an a n a l y s i s  o f  s u c h  d e m o n s t r a te s  t h a t  th e  g r e a t e s t  am oun t 
o f  b o t h  f  ]. ex i o n  and e x t e n s io n  o c c u r s  i n  a c o r b  i n a t i o n  o f  
a b d u c t io n  and e x t e r n a l  r o t a t i o n :  and f u r t h e r ,  t h a t  t h e  d i r e c t i o n
F L S M O l ' l .
ABDUCTICU UCRhAL 1 0 3 IT T O h . '
A X ia  OP l iA X T M il
h c v  R h m T .
^  i g .  ! •
The mov emen t s  o f  t h e  r i g h t  h i p  j o i n t  as 
s e e n  f r o m  t h e  f r o n t ,  ( a f t e r  R IC K . )
o f  t h i s  m ovem ent i s  n o t  i n  a p la n e  p a r a l l e l  t o  t h e  v e r t i c a l  
b u t  i n c l i n e d  f r o m  I t  a t  t h e  c o m p le t i o n  o f  e x t e n s i o n ,  ( f i g . l . )
1# I t  i s  o f  C o u rs e  f r e e l y  a d m i t t e d  b y  F I  OK t h a t  r o t a t o r y  
movem ents o f  t h e  l i m b  c a n n o t  t a l e  p la c e  a t  t h e  j o i n t  
r o u n d  t h e  a x i s  o f  th e  s h a f t .
j 4.
An a n a l y s i s  o f  th e  a c t i o n  o f  th e  ra is e ]  es . 
p r o d u c t i v e  o f  th e  p r im a r y  mov emen t s  o f  t h e  l i m b  a l s o  d e f in e s ,  
t h e  c o m p o s i t e  n a t u r e  o f  t h e  d i s p la c e m e n t  r e s u l t a n t  o f  th e  
c o n t r a c t i o n  o f  any u n i t  o r  g r o u p .  ( T a b le  1 . )  ' ^ i t h  a c t i o n  o f
F 1 e x . E x t . A b d u c , A d due . R . E x t . K . t n t .
C l u t .  m ax. 4" 4- 4-
C lu t . r n e d . + +• 4-
C l u t . m i n . +- 4- 4-
l y r  i f ' o r  m i s . 4- 4- -----------------
C b t . i n t . + 4- . 4-
C eii ie l 1 i . 4- 4-
Q i la d . f  ern. + 4- 4-
Adduc .m ag . •V- 4- 4- 4- 4-
Adduc . b r  e v . 4- 4"
Adduc . l o n g . 4r 4
Cr ac 11 i s . +• 4-
Pec t  i n  e u s . + 4r 4r
Rec t  . f  em. + 4" 4-
1 1 i o - p s o a s . ir 4-
Tens . f ' . f  er.. i r ir 4-
3 e m i te n d . + 4* 4-
3 e-mimernb . 4" + 4*
B ic e p s . 4* 4* 4-
Ob t . ©X t . t - 4r 4
3 a r  t o r  i u s . + ■f + t -
C o m p i le d  f r o m  v a r i o u s  s o u r c e s .  The p o p l i t e u s  
i s  n o t  r e e l  one d as a f  ecior a l  r u s e  l e .
l b .
u n i t s  we a r e ’ n o t  a t  p r e s e n t  c o n c e r n e d !  b u t  i t  w i l l  be  o b s e rv e d  
f r o m  t a b l e  1 t h a t  th e  f u l l  a c t i o n  o f  t h e  sum o f  th e  u n i t s  
p r o d u c t i v e  o f  e x t e n s i o n  i s  su c h  t h a t  i t s  a c c e s s o r y  a cc o m p a n im e n ts  
w i l l  be  a b d u c t i o n  and e x t e r n a l  r o t a t i o n  o f  t h e  l i m b ,  o r  t h o s e  
m ovem ents o f  th e  t r u n k  w h ic h  w o u ld  d e te r m in e  t h e s e  r  e l a t i v e  
d ls p la c e m e n  t s  : and t h e  ad due t i o y i  a c t i o n  o f  th e  m. g l u t ,  m a x . ,  
t h e n  i n  o p e r a t i o n ,  w o u ld  t e n d  t o  p r e v e n t  t h e  b o d y  r o l l i n g  
in w a r d s  on t h e  l i m b  b y  t h e  c l o s e r  a p p r o x im a t i o n  o f  th e  a r t i c u l a r  
e le m e n ts  a t  th e  h i p  J o i n t .  T h e re  a r e  o t h e r  f a c t s  r e g a r d i n g  th e  
a c t i o n  o f  t h e s e  h i p  J o i n t  m u s c le s  w h ic h  m ig h t  w e l l  be d i s c u s s e d ,  
b u t  r e l a t i v e  t o  t h e  m echan ism  o f  t h e  J o i n t  a l l  n o n f o r m  t o  one 
p r i n c i p l e !  t h a t  w h a ,teve r  be  t h e i r  c o u r s e  o f  c o n t r a c t i o n ,  o r  
w h a te v e r  th e  c o m b in a t i o n  i n  w h ic h  t h e y  may c o n t r a c t ,  t h e r e  a re  
no ch a n g e s  i n  t h e  p o s i t i o n  o f  th e  1 im b , t h e  o n l y
r e s u l t  o f  t h e i r  c on t r  a c t  i o n  A w h ic  h v f i n  p ro d u c e  m ovem ents o f  
t h e  J o i n t  o f  w h ic h  i t  i s  n o t  a l r e a d y  c a p a b le  i n  v i r t u e  o f  th e  
shape o f  i t s  a r t i c u l a r  s u r f a c e s  and t h e  c o n n e c t i o n s  o f  i t s  
c a p s u la r  l i g a m e n t s .  The a c t i o n  o f  m u s c le s  i s  e x p re s s e d  i n  
m ovem ent o f  t h e  b o n e ,  b u t  th e  r e l a t i v e  c o n f i g u r a t i o n  o f  t h e  
a r t i c u l a r  e le m e n ts  d e t e r U i in es t h e  m ovem ents a t  th e  J o i n t .
2 .  THE GHECKIhTr ACTICh OF MT]3GLP]3.
I n  t h e  e x p e r im e n t  d e s c r ib e d  i n  th e  
i n t r o d u c t i o n  i t  was i n d i c a t e d  t h a t  a f t e r  r e m o v a l  o f  t h e  m u s c le s  
f r o m  th e  J o i n t  p r e p a r a t i o n  t h e r e  was no in c r e a s e  i n  t h e  
a m p l i t u d e  o f  t h e  m ovem ent o f  e x t e n s i o n .  I n  o t h e r  d i r e c t i o n s ,  
h o w e v e r ,  th e  p o s s i b l e  e x c u r s io n  o f  t h e  1 imb i s  augm ented : and
] G.
t h i s  i s  t h e  r e s u l t  o f  t h e  absence  o f  th e  c h e c k in g  a c t i o n  o f  
( 1 )
muse1 es •
The in c id e n c e  o f  th e  l i m i t a t i o n  o f  1 i r b  m ovem ent 
t h r o u g h  m u s c u la r  a c t i o n  may be d e te r m in e d  b y  a c o m p a r is o n  o f  
t h e  ’ e l l i p s e s  o f  m ovem en t ’ o f  a p r e p a r a t i o n  w i t h  t h e  m u s c le s  
i n t a c t  anû o f  one i n  w h ic h  th e  l i g a m e n t s  a lo n e  a re  p r e s e r v e d #  
( P I C K . ) 3 u c h  a c o m p a r is o n  d e m o n s t ra te s  t h a t  t h e  m u s c u la r  
c h e c k in g  m echan ism  a f f e c t s  m a in l y  t h e  e x c u r s io n  o f  f l e x i o n  and 
a d d u c t i o n ,  t h e  e l l i p s e  o f  m ovem ent o f  th e  l i g a m e n t o u s  p r e p a r a t i o n  
e x c e e d in g  t h a t  o f  th e  e n t i r e  l i n b  t h r o u g h o u t  t h e s e  a r e a s !  i n  
t h e  r a n g e  o f  e x t e n s io n  and a b d u c t i o n ,  On t h e  o t h e r  h a n d ,  t h e  
e l l i p s e s  a r e  i d e n t i c a l ,  so  t h a t  i f  t h e r e  be  a m u s c u la r  c h e c k in g  
o f  th e s e  m o t io n s  i t s  a c t i o n  m u s t  be c o i n c i d e n t  w i t h  t h a t  o f  t h e  
c a p s u le .  The o u t s t a n d i n g  f a c t  o f  th e  in c id e n c e  o f  t h e  m u s c u la r  
l i m i t a t i o n  o f  movement b e in g  t h a t  t h e  p o s i t i o n s  i n  w h ic h  th e  
m u s c le s  become a c t i v e  a r e  th o s e  t h a t  a re  u n u s u a l ,  i t  i s  p o s s i b l e  
t o  i n d i c a t e  in  some m e a s u re ,  t h e  n a t u r e  o f  m is c u la r  a c t i o n  i n  
i t s  c h e c k  in g  m e c h a n is m . B e tw een  t h e  s e p a r a te  a r t i c u l a t i o n s  o f  
a ] . imb t h e r e  i s  s u c h  an in te r d e p e n d e n c e  o f  mo/ em ent t h r o - u ^  th e  
a s s o c ia t e d  a c t i o n  o f  m u s c le s  p e r t a i n i n g  t o  more th a n  one o f  t h e  
j o i n t s ,  t h a t  n o rm a l  m ovem ents a t  one J o i n t  e r e ,  n o r m a l l y ,  
C o n t i n u o u s l y  a s s o c ia t e d  w i t h  o r  p r o d u c t i v e  o f  d e f i n i t e  and 
p e c u l i a r  movements o f  th e  o t h e r s :  and i n  th e  s u p p o r t i n g  l im b s
1 .  The f i x a t i o n  o f  th e  l i m b  b y  a c t i / e  m u s c u la r  c o n t r a c t i o n  occiruss 
o n l y  i n  u n n a t u r a l  p o s i t  i o n s ,  i n  w h ic h  t h e  f a c t o r s  n o r m a l l y  
p r o d u c t i v e  o f  s t a b i l i t y  a re  n e c e s s a r i l y  i n a c t i v e ,  and f o r  
l i m i t e d  p e r io d s  o f  t im e .  T h is  a s p e c t  o f  th e  c h e c k in g  a c t i o n  
o f  m u s c le s ,  t h e r e f o r e ,  does n o t  c o n c e r n  th e  m echan ism  o f  
th e  J o i n t .
o f  man, as i n  th o s e  o f  o th e r  a n im a ls ,  even th o u g h  th e  .mo/ e r .e n ts
o f  i n d i v i d u a l  segm en ts  o f  th e  l i m h  he i n  o p p o s i t e  d i r e c t i o n s ,
t h e  u l t i m a t e  a iru  o f  th e  c o r  b i n  a t  i o n  i s  th e  e s t a b l i s h m e n t  o f  th e
1 imb in  a p o s i t i o n  o f  s t a b i l i t y ,  and I t s  r e t e n t i o n  i n  t h a t
p o s i t i o n  i n  th e  e n t i r e  absence  o f  a c t i v e  m u s c u la r  c o n t r a c t i o n .
The n o rm a l c h e c k in g  m echan ism  o f  m u s c le s  i s  n o t ,  t h e n ,  i n  t h e i r
a c t i v e  c o n t r a c t i o n .  A t  t h e  h i p  J o i n t  t h e  l i m i t  o f  f l e x i o n  i s
r e a c h e d  i n  t h e  a c t i o n  o f  th e  h a m s t r i n g  g r o u p :  and th e  p o s i t i o n
o f  commencement o f  t h e i r  a c t i o n  on t h e  e x c u r s io n  o f  movement
depends on th e  s t a t e  o f  th e  kn e e  J o i n t .  I f  t h a t  J o i n t  i f  f l e x e d
f u l l e r  f l e x i o n  o f  t h e  h i p  may be o b t a in e d  th a n  i f  t h e  knee  i s
e x te n d e d *  The l i m i t  o f  m o t i o n  i s  t h e  r e s u l t  o f  t h e  s h o r t n e s s
of" m u s c le ,  i n  f u n c t i o n  an a p p ro a c h  t o  t h a t  o f  l i g a m e n to u s
s t r u c t u r e !  ( OL ELAND : ) and t h i s  s h o r t n e s s  o f  m is c ie  i s  o n l y
a p p a r e n t  i n  p o s i t i o n s  v /h ic  h  a re  u n u s u a l l y  a ssu m e d . I t  i s  f o u n d ,
t h e r e f o r e ,  t h a t  t h e r e  a re  no g r e a t  i n  dm i d u a l  d i f f e r e n c e s  i n  th e
am ount o f  m ovement a l lo w e d  a t  t h e  h i p  J o i n t !  and i f  an e x c e s s
o f  m ovem ent i s  p o s s i b l e  i n  a c r o b a t s ,  d a n c e r  s ,  and s i m i l a r  p e o p le ,
i t  i s  c o n f i n e d  to  th o s e  d i r e c t i o n s  i n  w h ic h  m u s c le s  n o r m a l l y  a c t
( 1)
as th e  c h e c k in g  m echan ism , and i s  t h e  r e s u l t  o f  ’ t r a i n i n g  a t  
t h o s e  e a r l y  p e r i o d s  a t  w h ic h  m u s c le s  e x e r c i s e  n o  l i m i t i n g  
a c t i o n .  3o f a r  as n o rm a l m o t io n s  e re  c o n c e rn e d  m u s c le s  h a v e  no 
p ' ^ t  i n  th e  l i m i t a t i o n  o f  t h e  m ovem ent.
1 .  K e i t h  b r o u g h t  b e f o r e  th e  A n a to m ic a l  o o c i e t y  i n  i l o v .  1 8 9 6 ,
( J o u r . A n a t .  ^  P h y s .  v o l . 3 1 . )  a P u n j a b i ,  who c o u ld  th ro w  h i s  
1 im b 8 i n t o  a b n o rm a l p o s i t i o n s  o w in g  t o  a power o f  h y p e r - f i e x i o n  
T h e re  w a s , h o w e v e r ,  no h y p e r - e x  te n s  io n  p o s s i b l e  a t  any J o i n t .
IP.
3 ,  THE ACTION OF lViU3CLS3 IN  RETAINING THE JO INT 3TJRFACE3 IN  CONTACT.
A im e c h a n lc a l  c o m b in a t io n  i s  a lw a y s  so
c o n s t r u c t e d  i n  t h e  p r e c i s e  r e c i p r o c a l  c o n f i g u r a t i o n  o f  i t s
s u r f a c e s  t h a t  a s e p a r a t i o n  o f  i t s  e ]  emen t s  i n  t h e i r  a c t i o n  i s
im p o s s ib l e  : e i t h e r  i n  v i f t t u e  o f  t h e  g r a s p  e x e r c is e d  b y  th e  lo n g e r
a rc  o f  one o f  t h e  c o m p o n e n ts ,  o r  t h r o u g h  t h e  c o n s t a n t  a c t i o n  o f
w e i g h t  sup e r  impo s ed f r  om th e  ex t e r  i o r  . O rgan  i c  i o i n  t  s u r f  ac e s ,
a t  l e a s t  t h o s e  o f  t h e  d i a r t h r o s e s ,  on th e  o t h e r  h a n d ,  w i n  n o t
o f  t h e m s e lv e s  r e m a in  c o i n c i d e n t ,  b u t  a re  r e t a i n e d  i n  c o n t a c t
t h r o u g h  th e  a c t i o n  o f  t h o s e  s t r u c t u r e s  w h ic h  f o r m  t h e i r
s u p e r f i c i a l  i n v e s t m e n t ,  t h e  p e r i - a r t i c u l a r  c a p s u le  and t h e  J o i n t  
( 1 )Diusc 16:8. The f o r m e r  s t r u c t u r e ,  h o w e v e r ,  b e in g  in c a p a b le  o f
a l t e r a t i o n  in  i t s  l e n g t h ,  w i l l ,  d u r i n g  t h e  m ovem ents  o f  i t s  
a t t a c h m e n ts ,  be in  s t a t e s  o f  v a r y i n g  t e n s io n  : i n  c e r t a i n  p o s i t i o n s ^  
th o s e  o f  a p p r  ox i l l a t i o n  o f  i t s  a t t a c h m e n t s ,  t h e  c a p s u le  w i ] ] .  be 
s l a c k ,  so t h a t ,  i n  r e s p e c t  t o  i t ,  d i s l o c a t i o n  o f  t h e  J o i n t  
s u r f a c e s  i s  p o s s i b l e .  The c a p s u le ,  th e n  , ■ '^ 'i j l o n l y  be th e  
r e  ans o f  r e t a i n i n g  th e  J o i n t  e le m e n ts  i n  c o n t a c t  i n  th o s e  
p o s i t i o n s  in  w h ic h  i t s  f i b r e s  a re  f u l l y  s t r e t c h e d ,  and in  th e  
h i p  J o i n t  t h i s  i s  th e  p o s i t i o n  o f  e x t e n s i o n :  i n  a l l ,  o t h e r  p o s i t i o n s
th e  s u r f a c e s  a re  h e ld  t o g e t h e r  ^  t h e  a c t i o n  o f  th e  m u s c le s ,  in
th e  absence  o f  w h i c h ■ s e u a r a t i o n  r .ay be e f f e c t e d ,  i n  t h e  h ip
J o i n t  a t  s e m i - f l e x i o n  t o  an e x t e n t  o f  1 .  t o  1 .5  em s.
The m u s c le s  so a c t  on t h e  J o i n t ,  f i r s t  in  
t h e i r  a c t i v e  c o n t r a c t i o n ,  f f i g .  g : ) and i t  has  been  d e te r m in e d  b y  
FINCHER t h a t  t h e ’ J o i n t  c o m p o n e n t ’ (A) o f  th e  r e s u l t a n t  o f
1 .  The 3> in  and s u p e r f i c i a l  f a s c i a l  ban ds  a re  o m i t t e d .
j 9 .
c o n t r a c t i o n  (^') i s ,  i n  l i .o s t  c a ^ e s ,  a c t u a l l y  o f  g r e a t e r  q u a n t i t y  
t h a n  t h e ’ d isp].ace i:Æ n t  c oup on  en t ’ (B) . S e c o n d ly ,  as a r e s u j t  o f
^ i g ,  2 .
The ’ j o i n t  a c t i o n  ( A) o f  a c o n t r a c t i n g  m u s c le  ) .
t h e i r  s t r e t c h i n g  when f u n c  t io n a tü ^ in g  as an 'o p p o s in g  g r o u p ’ , 
m u s c le s  a t t a i n  t h e i r  l i g a m e n to u s  a c t i o n ,  and a c t  as j o i n t  
a p p r o x im a t i o n  f o r c e s  : and t h i s  mode o f  a c t i o n  becomes o f  f i r s t  
imp o r  ta n c e  when th e  j o i n t  c o c ip o n e n ts  a re  p ja c e d  a t  a c n te  a n g le s  
t o  one a n o t h e r ,  ( f i g ,  3 ,  ) f o r  t h e n  th e  ' j o i n t  c o m p o n e n t ’ (A) o f
“<—
V i g .  3 .
The ’ a n t e - j o i n t  a c t i o n '  (A) o f  a c o n t r a c t i n g  
muse 1 e , ( F ) w i t h  an a c u te  ang l e  be tv.- e en th e  
j o i n t  e le m e n ts *
th e  a c t i n g  m u sc le  (F ) i s  a c t i n g ,  n o t  so as t o  b r i n g  th e  j o i n t  
s u r f a c e s  t o g e t h e r ,  b u t  r e a l l y  so as t o  f o r c e  th e m  a p a r t .  A g a in ,  
even i f  non e  o f  t h e  -muscies o f  a j o i n t  a re  in  a c t i v e  c o n t r a c t i o n
20 .
b u t  a re  ’ a t  r e s t ’ , t h e y  a r e ,  i n  v i r t u e  o f  t h e i r  t o n i c i t y  as 
e v id e n c e  o f  th e  a c t i v  i t y  o f  t h e  n e r v o u s  s y s te m ,  s t i l l  p o w e r f u l  
f a c t o r s  In  h o l d i n g  i n  c o n t a c t  th e  j o i n t  s u r f a c e s .  The e f f e c t s  
and d i r e c t i o n  o f  a c t i o n  o f  t h i s  t o n i c i t y  a re  d e m o n s t r a te d  in  
t h e  s h o r t e n i n g  and u u ] ]  i n g  u p w a rd s  o f  t h e  l im b  w h ic h  o c c u r  in  
f r a c t u r e  o f  t h e  n e c y o f  th e  f e m u r ,
Ai' ion g t h e  j o i n t  a p p r o x im a t i o n  f o r c e s  i t  i s  
n e c e s s a r y  t o  m e n t io n  th o s e  o f  ’ m o le c u la r  c o h e s io n ’ and ’ a i r  
p r e s s u r e ’ : and m ore e s p e c i a l l y  as b o t h  have  a b e a r i n g  on j o i n t  
f u n c t i o n .  F o r  th e  a c t i o n  o f  t h e  f o r m e r  f o r c e  i t  i s  e s s e n t i a l  
t h a t  t h e  o p p o s in g  s u r f a c e s  s h o u ld  be  a b s o l u t e l y  r e c  i p r o c a l ,  
p e r  fe e  t l y  s m o o th ,  and in  c o n t a c t  t h r o u g h  a s u r f a c e  f l u i d  
m ed ium . The p r im a r y  c o n d i t i o n  i d  u n f u l f i l l e d  in  o r g a n ic  j o i n t s ,  
s i n c e ,  (and  we q u o te  f t o k , T e i l ^ 2 . ^  . 4 2 ,  ) ’’ t h e  j o i n t  s u r f a c e s  
a re  n o t  f u l l y  c o n g r u e n t  v ; i t h  one a n o th e r  ” . T h is  f o r c e  t h e n ,  
p l a y s  b u t  a s m a l l  p a r t  i n  r e t a i n i n g  j  o in  t  c  on ta c  t .  The 
mec han is m  o f  a i r  p r  es s u r  e as a j o i n t  a p p r  ox ir ra  t  io n  f o r c e  has 
been v e r y  f u l l y  s t u d i e d  by  t h e  WSBFJRo and t h e i r  p u p i l s , and 
i s  e x p la in e d  by them  on th e  f o  1 low  i n g  p r i n c i p l e s .  The s e p a r a t i o n  
o f  two u n y i e l d i n g  s u r f a c e s  w i t h i n  a c l o s e d  sp a ce  w i n  g n  e 
r i s e  t o  a vacuum  i n t e r v a l  i f  t h e  c o n t a i n i n g  w a l l s  a re  s o l i d :  
and on r  em ova l o f  th e  f o r  ce o f  s e p a r a t i o n  t h i s  vacuum  w i n  
a c t  30 as t o  r e - e s t a b l i s h  th e  s u r f a c e  c o n t a c t .  I f  t h e  c o n t a i n i n g  
w a l l s  a re  m o b i le  o r  y i e l d i n g ,  h o v fe v e r ,  t h e y  w i l ]  c o l l a p s e  as 
f a r  as i s  p o s s i b l e  and so  l o n g  as t h e y  a re  u n d e r  p r e s s u r e  abosre 
t h a t  o f  t h e  vacuumi, u n t i l  t h e y  o b l i t e r a t e  t h a t  i n t e r v a l .  I n  
th e  h i p  j o i n t  t h e  head  o f  th e  fe m u r  i s  so g ra s p e d  by th e
n .
C o t y l o i d  l i g a m e n t  t h a t  t h e  a c e ta b u ] a r  c a v i t y  beqomes t h e  c lo s e d
space  in  w h ic h  t h e  m over-en ts  happen  : and th e  ’ c a p s u le  s p a c e ’ ,
l a t e r a l  t o  t h e  l i g a m e n t ,  i s  n o t  in  c omrun i c a t i o n  w i t h  t h a t
c a v i t y  n o r  do no v emen t s  o f  u n y i e l d i n g  é lé m e n ts  r e l a t i v e  t o  one
( 1 )
a n o th e r  o c c u r  w i t h i n  i t .  The w a l l  o f  t h e  a c e t a b u la r  c a v i t y
i s  m o r p h o l o g i c a l l y  o f  two p a r t s ,  a s o l i d  u n y i e l d i n g  p e r i p h e r a l  
o r  a r t i c u l a r  p a r t  and a c e n t r a l  p a r t  f o rm e d  o f  a m o b i le  mass 
o f  f a t ,  th e  ace t a b u l a r  e x t r a - s y n o v i a l  p a d :  and t h i s  l a t t e r  p a r t  
o f  th e  ac e t  abu 1 a r  a l 1 rna y r e  ac  t  d i r  ec t l y  t o  t h e  ex t e r  n a l  
a tm o s p h e r ic  p r e s s u r e  i n  t h a t  i t  co^mmgmicate s  w i t h  th e  e x t r a -  
a c e t a b u la r  s t r u c t u r e s  t h r o u g h  t h e  s te e ta b u la r  g a p .  The s e p a r a t i o n  
o f  t h e  he&d o f  th e  f  e fw r  f r o m  th e  ace  ta b u  3um, t h e r e f o r e ,  v o n i  c 
be  a t t e n d e d  b y  two r e s u l t s :  f i r s t  i t  w o u ld  p ro d u c e  a ’ c o l l a p s e ’ 
o f  th e  a c e ta b u x a r  f a t  t o  o c c u p y  an a p i c a l  l o s s  o f  c o n t a c t ,  and 
s e c o n d ,  th e  so 1 i d  e le ih e r i ts  c o u i d o n l y s e p a r a te  f r  om one a n o th e r  ,-  
b e yo n d  an i n t e r v a l  w h ic h  may be o c c u p ie d  b y  s y n o v i a l  f l u i d ,  
a g a in s t  th e  a c t i o n  o f  t h e  vacuum  w h ic h  w o u ld  be c r e a te d »
T h is  f o r c e  o f  ’ a i r  p r e s s u r e ’ t h e n ,  p la y s  
some C o n s id e r a b le  p a r t  i n  th e  j o i n t  m e ch a n ism , b u t  i t  i s  
n e c e s s a r y  t o  d e t e r r . i n e  i t s  q u a n t i t a t i v e  and q u a l i t a t i v e  r e l a t i o n  
to  t h e  ’ m u s c u la r  p u l l ’ i n  h o l d i n g  th e  j o i n t  s u r f a c e s  t o g e t h e r .
On t h i s  s u b j e c t  r e f e r e n c e  p^ay be i-ade t o  t h e  d e t a i l e d  r e s e a r c h e s  
o f  BEAUHs, F ir iOHSR, and A .F .F IC K ,  a l l  o f  whom have  a r r i v e d  a t  
th e  c o n c l u s i o n ,  i n  c o m p le r re n t  r a t h e r  th a n  i n  o p p o s i t i o n  t o  t h a t  
o f  th e  WBBBR’ i l ,  t h a t  ” i t  i s  t h r o u g h  th e  n iu s o le  p u l l  t h a t  t h e
1 .  I n  an i n  t r  ac ap s u l  a r  f r a c t u r e  o f  t h e  neCk such  movements w o u ld  
o c c u r .
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j o i n t  s u r f a c e s  a re  n o t  o n l y  b r o u g h t  i n t o  i n t i m a  te  c o n t a c t ,  and 
r e t a i n e d  t h e r e ,  b u t  a re  t i g h t l y  p r e s s e d  a g a i n s t  one a n o t h e r :  
t h a t  t h e  a i r  p r e s s u r e  a c t s  Iri a s i m i l a r  manner t h o u g h  in  
v a r y i n g  d e g re e s  : and t h a t  b o t h  f o r c e s  a re  n e c e s s a r y ,  f o r  n e i t h e r  
t h e  one n o r  th e  o t h e r  can a c t  a lo n e  in  r e t a i n i n g  t h e  s u r f a c e s  
i n  c o n t a c t  i n  a l l  t h e  d i f f e r e n t  p o s i t i o n s  o f  t h e  ] i r / b . ”
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1 . PtENBRAL ANATOMY.
The a r t i c u j . a r  c a p s u le  o f  t h e  h i p  j o i n t  i s  
a f i b r o u s  s t r a t u m  o f  v e r y  u n e q u a l  t h i f h n e s s  i n v e s t i n g  th e  
j o i n t  c a v i t y ,  and l i n e d  w i t h  syno^ i a l  m ec ib rane . I t  i s  d i v i s i b l e  
I n t o  two p a r t s ,  p e r i p h e r a l  and i n t r a - a r t i c u l a r . I n  shape i t  
i s  a t r u n c a t e d  c o n e ,  t h e  base  b e in g  a t t a c h e d  n o r e  o r  l e s s  
r o u n d  th e  a c e t a b u la r  m a rg in  and th e  a p i c a l  p a r t  on th e  necv 
and head  o f  t h e  f e n u r . I t  i s  u n l i b e l y  t h a t  i n  s o l e  v i r t u e  o f
v>e,.
i t s  c One shape th e  c a p s u le  e x e r c i s e s  any r e t e n t i o n  a c t i o n  on 
t h e  head  o f  t h e  f e n u r .
W i t h  t h e  e x c e p t i o n  o f  t h e  p o s i t i o n  o f  t h e  
a c e t a b u la r  n o t # i  t h e  b a s a l  a t t a c h m e n t  Of t h e  p e r i p h e r a l  c a p s u le  
i s  t o  t h e  b o n y  ac e t a b u l a r  r i m ,  and l e a v e s , e s p e c i a l l y  p o s t e r i o r l y ,  
t h e  o u te r  s u r f a c e  o f  t h e  c o t y l o i d  l i g a m e n t  f r e e .  A t  th e  
a c e t a b u la r  n o t c h  th e  c a p s u le  i s  f u s e d  w i t h  th e  t r a n s v e r s e  
l i g a m e n t  and th e  o u t e r  s u r f a c e  o f  t h e  c o t y l o i d  l i g a m e n t ,  b u t  
t h e  s h a rp  p e r i p h e r a l  m a rg in  o f  t h e  l a t t e r  r  e r a  in s  f r e e .  As 
t h e r e  i s  no b o n y  a t t a c h m e n t  o f  th e  c a p s u le  m e d ia l  t o  th e  
■ t r a n s v e r s e  l i g a m e n t ,  a gap i s  l e f t  b e tw e e n  t h a t  1 igarment and 
th e  b o n e :  b l o o d v e s s e l s ,  t h e r e f o r e ,  do n o t  p e r f o r a t e  t h e  c a p s u le  
i n  p a s s in g  i n t o  th e  a c e t a b u la r  c a v i t y  u n d e r n e a t h  th e  l i g a m e n t ,  
and e x p u l s i o n  o f  th e  e x t r a - s y n o v i a l  ace t a b u l a r  f a t ,  oc c u r i n g  
a t  t h e  Comp le  t i o n  o f  e x t e n s i o n  o f  th e  1 i n b , i s  pe r  r ù s s  i b l  e 
t h r o u g h  th e  ga p . I t  i s  t o  be  n o te d  t h a t  t h i s  gap i s  n o t  a 
C a p s u la r  d e f i c i e n c y ^  b u t  i s  b e tw e e n  a c e t a b u la r  e le m e n ts ,  and
pm.
and t h a t  th e  i n  t r a - a r  t i c u l a r  p o r t i o n  o f  t h e  c a p s u le  'c o m p le te s  
t h e  i n v e s t i r e n t  o f  t h e  j o i n t ,  ( f i g . # .  ) On th e  f  error a l  n e c v  th e  
a n t e r i o r  c a p s u la r  a t t a c h n ^ n t  i s  t o  t h e  i r  t e r  t r o c h a n t e r  i c  l i n e ,
—  - AC e t a h u l  a r  gap
Tr ans v e r s e  l i g a m e n t
itynoV i a l  memhr ane
F i g .  4 .
V e r t i c a l  s e c t i o n  o f  t h e  h i p  j o i n t  t h r o u g h  t h e  m id d le  o f  
th e  l ig a m e n tu m  t e r e s .  { d ia g r a r i r n a t ic  . )
and t r a c e d  i n  a m e d ia l  d i r e c t i o n  p a s s e s  p o s t e r i o r l y  ahove  t h e
le s s e r  t r o c h a n t e r  a t  t h e  ' p r e - t r o c h a n t e r  i c  f  o s s a ’ . ( FO IR ISR* )
The l i n e  o f  th e  p o s t e r i o r  c a p s u la r  a t t a c h m e n t  i s  a b o u t  t h e  same
d i s t a n c e  f r o m  th e  a r t i c u l a r  m a rg in  o f  t h e  head as i t  i s  i n
f r o n t ,  so t h a t  i t  l i e s  .8  t o  1 .  cm . above th e  i n t e r t r o c h a n t e r i c  
( 1 )
r i d g e .  O ver th e  s u p e r i o r  b o r d e r  o f  t h e  nech t h e  a t ta c h m e n t
i s  m e d ia l  t o  th e  t r o c h a n t e r i c  f o s s a .  The p o s t e r i o r  f e m o r a l  
i n s e r t i o n  o f  t h e  c a p s u le  i s  e v e ry v .h e re  w e a k , and a p a r t  f r o i r i  a 
fe w  l o n g i t u d i n a l l y  r u n n i n g  b u n d le s  i s  a c c o m p l is h e d  t h r o u g h  
a r c h e d ,  c one en t r  ic  , d i s  t a l l  y c o n c a v e  f i b r e s .  I n  t h e  c o n c a v i t i e s
1 .  oAFPSY seemis t o  h a ve  o r i g i n a t e d  t h e  d e s c r i p t i o n  t h a t  th e
C a p s u le  was a t t a c h e d  p o s t e r i o r l y  n e a r e r  t o  th e  m a rg in  o f  th e  
head  t h a n  i t  i s  a n t e r i o r l y .
': '6.
o f  t h e  m o s t  I n f e r i o r  b u n d le s  t h e r e  i s  o n l y  a l a y e r  o f  s y n o v i a l  
membr ane t o  r  eur e s e n t  t h e  c a u s u ]  a r  w a l3 . A n te r  l o r 3 y ,  
s u p e r i o r l y ,  and i n f e r  l o r  1 y t h e  c a p s u le  c o n s i s t s  o f  l o n g i t u d i n a a  
f i b r e s  s u p ^ f i c i a l  t o  and i n s e p a r a b l y ^ w i t h  d e e p e r  l a y e r s  
r u n n i n g  o b l i q u e l y  and c i r c u l a r l y .  The q u e s t i o n  as t o  w h e th e r  
any o r  a l l  o f  t h e s e  f i b r e s  may be d e r i v e d  d i r e c t l y  o r  t h r o u g h  
a p h y lo g é n ie  r e t r o g r e s s i o n  f r o m  th e  s u r r o u n d in g  r .u is c ie s  i s  
c o n s id e r e d  l a t e r  : b u t  i t  i s  n e c e s s a r y  t o  exam ine  h e re  th e  
s ta te m e n ts  o f  c e r t a i n  a u t h o r s ,  (FRA^SR,) t h a t  t h e  c a p s u le  i s  
r e f l e c t e d  back  on th e  n e c k  and i s  t h u s  c a u s a t i v e  o f  th e
s y n o v i a l  r e t i n a c u l a .  The m o s t  s a t i s f a c t o r y  m e thod  w h ic h
C o u ld  be  d e te r r i i in e d  o n ,  was t o  s p l i t  t h e  c a p s u le  i n t o  l a y e r s  
and t o  f o l l o w  each  l a y e r  t o  i t s  u l t i m a t e  o s s e o u s  a t t a c h m e n t .
By t h i s  means t h e  c o n c l u s i o n  was a r r  i v e d  a t ,  t h a t  t h e  c a p s u le  
i s  n o t  r e f l e c t e d  ba ck  on th e  n e c k ,  n e i t h e r  in  th e  f o e t u s  n o r  
a t  any s u b s e q u e n t  p e r i o d :  t h a t  each  f i b r e ,  w h ic h  h a d  a f e m o r a l
i n s e r t i o n  a t  a l l ,  was f i x e d  i n  t h e  n e ig h b o u r h o o d  o f  t h e  i n t e r ­
t r o c h a n t e r i c  l i n e :  b u t  t h a t  I'-eak b u n d le s ,  i n d e f i n i t e  b u t  
d e r i v e d  f  r  or i th e  c a p s u l e , passed, w i t h  t h e  v e s s e l s  a lo n g  t h e  
neck  to w a rd s  th e  m a rg in  o f  th e  h e a d ,  r e a c h i n g  t h e  v e s s e l s  a t  
t h e i r  p e r f o r a t i o n  o f  t h e  c a p s u le  and t e r m i n a t i n g  b y  b l e n d i n g  
w i t h  t h e i r  s u p e r f i c i a l  w a l l s  and w i t h  t h e  s u p e r f i c i a l  s t r u c t u r e s  
o f  th e  neck ro u n d  t h e  m a rg in s  o f  t h e  v a s c u la r  f o r a m i n a .
Those  f i b r e s  o f  t h e  c a p s u le  w h ic h  a re  
l o n g i t u d i n a l  r u n  i n  a s t r a i g h t  c o u r s e  o n l y  i n  a s e m i - f l  exed 
p o s i t i o n  o f  t h e  l i m b ,  so t h a t  w i t h  a c h a n g e  o f  p o s i t i o n  in  
e i t h e r  d i r e c t i o n  th e  c a p s u le  i s  t w i s t e d  on i t s e l f  i n  a spira '-»
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m a n n e r .  These f i b r e s  a re  a r r a n g e d  in  s p e c i a l i s e d  a c t i o n  g r o u p s ,  
and as such  a re  d e s c r ib e d  as ’ c a p s u la r  l i g a m e n t s ' :  and th e  
s i m i l a r  i t y  o f  t h e  L o v e m e n ts  a t  t h i s  j o i n t  i n  a l l  p e o p le s ,  
d e te r m in e s  t h e  gr e a t  un i f  o r r . i t y  o f  th e  a r ra n g e m e n t  o f  th e s e  
’ s t r e n g t h e n i n g ’ o r  ’ a c t i o n ’ b a n d s . Between th e s e  ba n d s  th e  
C a p s u le  i s  v e r y  much t h i n n e r .  These t h i n  p a r  t s  a re  s i t u a t e d  
u n d e r  th e  i l io - p s o a s  m u s c le  i n  f r o n t ,  i n  t h e  n e ig h b o u r h o o d  o f  
th e  a c e t a b u la r  n o t c h  b e lo w ,  and p o s t e r i o r l y  i n  t h e  r e g i o n  o f  
t h e  g f e a t  s c i a t i c  n o t c h  : and f r o m  two p o i n t s  o f  v ie w  e m pha s is
h a s  been l a i d  on t h e i r  i n c i d e n c e .  F i r s t  w i t h  r e g a r d  t o  th e
m o rp h o lo g y  o f . t h e  c a p s u la r  l i g a m e n t s , i t  has  been p o in t e d  o u t  
t h a t  t h e  weak p a r t s  o f  t h e  c a p s u le  c o r r e s p o n d  t o  th e  a re a s  o f  
s u p e r  im pos i t  i o n  o f  r u s c i e s  : and s e c o n d ,  t h a t  a t  t h e i r  o r i g i n  
t h e y  C o r re s p o n d  a c c u r a t e l y  w i t h  t h e  d e p r e s s io n s  o f  th e  a c e t a b u la r  
r i m  i n d i c a t i v e  o f  t h e  p o s i t i o n s  o f  f u s i o n  o f  i t s  c o m p o n e n t  
e le m e n ts ,  t h e  t h i c k e r  i i g a r i e n t o u s  p a r t s ,  on t h e  o t h e r  h a n d ,  
a r i s i n g  f r o m  th e  i n t e r v e n i n g  e le m e n ta l  p r o t u b e r a n c e s .  B o th  
d e s c r i p t i o n s  a re  c o n s id e r e d  b e lo w .
2 .  THE OAF^ULAR I,TriAb/iEhT^4.
The c a p s u la r  l i g a m e n t s  o f  th e  h i p  j o i n t
a re  among th e  b e s t  knOv;n s t r u c t u r e s  o f  h u ra n  a n a to m y ,  so t h a t
o n l y  a s h o r t  d e s c r i p t i o n  o f  each  w i n  be n e c e s s a r y .
A .  The i l  i o  - f e m o r a l  l i g a m e n t  c o n s i s t s  o f  
two p a r t s ,  a supe r  i o r  o r  l a t e r a l  b an d  and an i n f e r i o r  or m e d ia l ,  
and th e s e  a r e ,  and s h o u ld  be c o n s i d e r e d ,  d i s t i n c t  s t r u c t u r a l  
and f u n c t i o n a l  u n i t s .  The ] ig #  i l i o - f e m o r a l e  a r i s e s  f r o L .  th e
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a n t e r io r  i n f e r i o r  i l i a c  s p in e  u n d e r th e  te n d o n  o f  th e  lu. r e c t u s  
f e m o r is , and on th e  a c e ta b u  1er r im  p o s te r  i o r j , y f r o t h i s  f o r  h . 
to  3 .  c m s .,  so t h a t  i t  i s  seen  fro rü  b e h in d .  I t  p a s s e s  o u tw a rd s ,  
d o w n w a rd s , and s l i g h t l y  b a c k w a rd s ,  i n  th e  u ] ane o f  th e  a x is  o f 
th e  n e c k ,  and in s e r t s  i t s e l f  on t o  a s i a l l , th o u g h  u s u a l l y  w e l l  
d e f in e d  t u b e r c le ,  ( t u b .  C o l l i  s u p , , VAOAt, h îTFR , ) on th e  u p p e r 
end o f  th e  in  t e r  t r  oc han te r  ic  l i n e ,  im m e d ia te ly  m e d ia l to  th e  
i n s e r t i o n  o f  th e  Pi. g lu te u s  m in . I t  i s  th e  s h o r t e s t  o f  th e  
c a p s u la r  l ig a m e n t s ,  (6  c m s . , )  and th e  s t r o n g e s t  o f  th e  b o d y . ( 1 .  
t o  1 .5  c IPS. t h i c k . )  The j i g .  11 i o - f  emor a le  m e d ia l e i s  a le s s  
p o w e r fu l b a n d , and  is  le s s  c l o s e l y  u n i t e d  w i t h  th e  dee pe r 
c a p s u la r  e le m e n ts .  I t  a r is e s  f r o m ,  th e  a n t e r i o r  i n f e r i o r  i l i a c  
s p in e  a n t e r io r  t o  th e  fo rm e r  b a n d , and p a s s e s  a lc io s t  v e r t i c a l l y  
do w n w a rd s , p a r a l l e l  t o  th e  a x is  o f  th e  s h a f t  in  th e  u p r i g h t  
p o s i t i o n ,  and i s  a t ta c h e d  b e lo w  on a smal 1 e m in e n c e , ( t u b .  c o l l i  
i n f . ,  îviâGALlA T f R ,)  a t  th e  r e d ia l  end o f  th e  i n t e r  t r o c h a n te r  ic  
l i n e  l a t e r a l  t o  th e  s m a ll t r  oc han te r  . I t  i s  lo n g e r  th a n  th e  
l a t e r a l  l ig a m e n t ,  (8  c m s . , )  b u t  d i s t i n c t l y  le s s  t b i c k ^ f . n  c m s .)
B . The is c  h io  - f  emor a] l ig a m e n t  i s  th e  n e x t  
s t r o n g e s t  l o n g i t u d in a l  b a n d . I t  a r is e s  f r o r i  th e  i s c h ia l  p a r t  
o f  th e  a c e ta b u la r  r im  n e a r th e  g ro o v e  f o r  th e  te n d o n  o f  th e  m.
Ob t i l  t a  t o r  i n t . ,  and a im  s t  i r m c d ia t e l y  p o s te r  io A  to  th e  o r i g i n  
o f  th e  1 a lte r  a l  1 1 1 o - f  emor a l  b a n d :  and p a s s in g ,  in  th e  e r e c t  
p o s i t i o n ,  a lm o s t  h o r i z o n t a l l  y o u tw a rd s , o n ly  v e r y  s l i g h t l y  
upwfsr d 3 , i s  in s e r  te d  n e a r  th e  t r  oc han te r  ic  f  o ss a c ]  os e to  th e  
commenc emen t  o f  th e  in  te r  t r  oc han te r  ic  l  in e  . I t  th u s  w in d  s i  t s  e l f  
ro u n d  th e  p o s t e r io r  and u p p e r  s u r fa c e s  o f  th e  f  emor a l n e C k ,
29 .
The d e s c r ip t i o n  o f  WEBFR. w h ic h  has le d  to  th e  d e s ig n a t io n  o f  
t h i s  l ig a m e n t  as ’ i@ c h io -c  a p s u l a r ’ , t h a t  th e  hand f i b r e s  a re  
n o t  I n s e r t e d  i n t o  th e  fe m u r  b u t  pass c i r c u l a r l y  to  fo r m  p a r t  
o f  th e  z o n u la r  b a n d , i s  c e r t a i n l y  n o t  v r h o l ly  c o r r e c t .  The 
m a in  mass o f  th e  f i b r e s ,  in c lu s i v e  o f  a l l  th e  s u p e r f i c i a l  s t r a t a ,  
does o b ta in  an o s s e o u s  fe m o ra l a t ta c h m e n t ,  b u t  i t  w i l l  n o t  be 
d e n ie d  in  t h a t  a fe w  o f  i t s  d ee pe r f i b r e s  m ix  w i t h  th e  c i r c u l a r  
g ro u p  th e  b a n d  has a weak c a p s u la r  i n s e r t i o n .  S u p e r f i c i a l l y  
th e  l ig a m e n t  fu s e s  w i t h  a f i b r o u s  e x p a n s io n  o f  th e  te n d o n s  o f  
th e  p y r i f o r m is  and o b t u r a t o r  in  t e r  n u s  ,  f F RAB ER, ) and g lu te u s  
m in im u s . The is c  h io  fe m o ra l, l ig a m e n t  i s  a b o u t 7 .  cm s. lo n g ,
1 .2  cm s. b r o a d ,  and .3  to  . 4  c m s . t h i c k .
( 1)
C . The p u b o - fe m o ra l b a n d , th e  w e a k e s t  
o f  th e  l o n g i t u d in a l  a g g r e g a t io n s ,  i s  th e  m os t v a r ia b le  in  i t s  
d e v e lo p m e n t.  The a v e ra g e  m e a su rem en t a t  i t s  t h i c k e s t  p a r t  is  
.1  c m .,  i t s  le n g t h  7 .5  c m s . ,  and b r e a d th  2 . t o  3 .  cm s . I t  
a r is e s  f r o m  th e  a c e ta b u la r  m a rg in  o f  th e  p u b is  and th e  a n t e r io r  
s u r fa c e  o f  th e  i l  io -p e c  t in e a ]  em inence  a n d , in  th e  e r e c t  p o s i t i o n ,  
p a sse s  o b l iq u e ly  l a t e r a l l y  and dovnv-a rds  to  g a in  i n s e r t i o n  a t  
th e  i n f e r i o r  ræ d ia .l end o f  th e  in t e r t r o c h a n t e r i c  l i n e  f u s in g  
th e r e  w i t h  th e  m e d ia l i l i o - f  emor a l  b a n d . I t  i s  p la c e d  b e tw e e n  
th e  m. pec t i n eus and th e  i l i o - p s o a s  te n d o n ,  and i s  in  in t im a t e  
s t r u c t u r a l  r e l a t i o n s h i p  w i t h  th e  m. o b t u r a t o r  e x t .  b y  a b u n d le  
o f  f i b r e s  w h ic h  lo s e  th e m s e lv e s  in  th e  cap  su lax" w a l 1 and w ;h ich  
in  a m e d ia l d i r e c t i o n  may be t r a c e d  t o  a f u s io n  v f i t h  th e  
e x te r n a l  la y e r s  o f  th e  o b t u r a t o r  m em brane.
D . The z o n u la r  band c o n s is t s  o f  th o s e  f i b r e s  •
1,. The d e s ig n a t io n  o f  t h i s  b an d  as ’ p u b o '^  a p s u l a r  ’ i s  i n c o r r e c t . .
30 .
o f  th e  c a p s u le  w h ic h ,  d e s c r  ib ih g ;  a c o m p le te ly  c i r c u l a r  p a th  and. 
o b t a in in g  now here  an o sse o u s  a t ta c h n ie n t ,  in  th e m s e lv e s  fo r m  a 
C lo s e d  r i n g .  T h e re  a re  on r e c o r d ,  ho w e ve r,, a num ber o f  d i f f e r e n t  
d e s c r ip t i o n s .  WsBER d e s c r ib e s  th e  band  as one w h ic h  a r is e s  f r o m  
th e  a n t e r io r  i n f e r i o r  i l i a c  s p in e  and  p a s s in g  p o s te r  o - la t e r  a l  3y 
in  th e  c a p s u le  w a l l  r e t u r n s  a n t e r i o r l y  t o  i t s  p o s i t i o n  o f  o r i g i n  : 
LAhOgR c la im s  t h a t  a l l  t r  en s v e r s  e l  y  r u n n in g  f i b r e s  o f  th e  
c a p s u le  a re  d e r iv a t i v e s  o f  th e  i l  i o - f  emor a l  and pube—fe m o r a l 
l ig a m e n ts :  HSNKE says  t h a t  a t  i t s  i n s e r t i o n  th e  i l i o - f  emor a l  
b an d  s e rv e s  as th e  s o le  o r i g i n  f o r  th e  c i r c u l a r  f i b r e s  o f  th e  
c a p s u le .  T h a t th e s e  v iew /s  a re  in c o m p le te  r a t h e r  th a n  in a c c u r a te  
was f i r s t  d e m o n s tra te d  b y  HENLE and s u b s e q u e n t ly  in  g r e a te r  
d e t a i l  b y  WSLCHBR: f o r  e a c h  d e s c r ib e d  th e  z o n u la r  l ig a m e n t  as 
o f  c i r c u l a r l y  c o m p le te  f i b r e s .  T hese  c i r c u l a r  f i b r e s  l i e  
d e e p e s t  in  th e  c a p s u l e so t h a t  th e y  a re  seen  f r o r i  i t s  i n t e r i o r  
a f t e r  re m o v a l o f  th e  s y n o v ia l  m em brane, and o n ly  app ea r s u p e r f i c i a l !  
p o s t e r i o r l y  be tween th e  is c  h io - f e m o r a l  and p u b o - f  emor a l  b a n d s .
They e n c i r c le  th e  n e c k  o f  th e  fe m u r t r a n s v e r s e  to  i t s  axis 
th r o u g h o u t  th e  w h o ie  o f  i t s  e x t e n t ,  b u t  a re  so m uch g a th e re d  
to g e th e r  a t  th e  an t e r  o - la  te r  a l  p a r t  o f  th e  n e c k , t h a t  a t  a b o u t 
2 t o  3 cm s. u n d e r th e  a n t e r io r  i n f e r i o r  i ]  la c  s p in e  th e y  fo r m  
a d i s t i n c t  b an d  .5  t o  .7  c i i s .  t h i c k :  a n t e r io r  and. p o s t e r io r  t o  
t h i s  a g g r e g a t io n  th e  f i b r e s  a re  l  ess c lo s e l y  d r  awn t o g e th e r  
30 t h a t  th e  band i s  b ro a d e r  and t h i n n e r . S u p e r f i c i a l  t o  th e s e  
c i r c u l a r  f i b r e s  a re  th o s e  w h ic h ,  .ruore o b l iq u e  in  d i r e c t i o n ,  
a r is e  f r o m  th e  lo n g i t u d in a l  ] ig am ents  and m in g l in g  w i t h  th e  
e le m e n ts  o f  th e  z o n u la r  band fo r m  c o n n e c t io n s  be tw e en  t h a t  and
3 1 .
th e  o th e r  c a p s u la r  e le r ie n ts  : and o f  th e s e  c o n n e c t io n s  t h a t  w i t h  
th e  p u b o - fe m o ra l i s  th e  m o s t i n t im a t e .  I n  v i r t u e  o f  i t s  
c o n c e n t r a t io n  on th e  l a t e r a l  p a r t  o f  th e  n e ck  th e  d ia m e te r  o f  th e  
z o n u la r  band I s  s m a l le r  th a n  t h a t  o f  th e  head o f  th e  fe m u r .
S . The 1 i  g am entum  t e r e s : -  The fe r i io r a l  
a t ta c h m e n t  o f  th e  ] i g  am entum  te r e s  i s  a c c o p p jis h o d  th ro u g h  tw o 
r a in  r o o t s ,  and an in c o n s t a n t  a c c e s s o ry  b u n d le  b e tw e e n  th e m , t o  
th e  a n t e r io r  p a r t  o f  th e  te r e s  f o s s a .  A t  th e  a c e ta b u la r  i n s e r t i o n  
th e  e s s e n t ia l  e le m e n ts  p a ss  to  th e  e x t r e m i t i e s  o f  th e  a r t i c u l a r  
s i c k l e ,  th e  a c c e s s o ry  r o o t  t o  th e  l i g .  t ra n s v e rs u m  a c e ta b u  1 1 .
The a n t e r io r  r o o t  i s  th e  s h o r t e r  and w e a k e r ,  i s  u s u a l l y  r e d d is h -  
c o lo u r e d ,  and i s  c o m p le te ly  in v e s te d  a t  i t s  p u b ic  i n s e r t i o n  b y  
th e  p e r ip h e r a l  c a p s u le .  The O 'the r p a r t  o f  th e  l ig a m e n t ,  th e  
p o s t e r i o r .  I s c h i a l ,  o r  w h i te  r o o t ,  i s  lo n g e r ,  t h i c k e r ,  and 
b ro a d e r  th a n  th e  a n t e r io r  r o o t ,  and th o u g h  a t ta c h e d  p r im a r i l y  t o  
th e  p o s t e r io r  h o rn  o f  th e  a r t i c u l a r  a c e ta b u lu m , re a c h e s  u n d e r  th e  
t r a n s v e r s e  l ig a m e n t  so t h a t  i t  can be r e c o g n is e d  in  th e  p e r ip h e r a l  
C a p s u le .  I n  th e  i n t e r v a l  b e tw e e n  th e s e  ban ds  and a r i s i n g  f r o m  
th e  t r a n s v e r s e  l ig a m e n t ,  and in c o n s t a n t ] y and in s e c u r e ly  f r o m  th e  
a c e ta b u la r  f o s s a ,  is  th e  a c c e s s o ry  g ro u p  o f  weak f i b r e s .  T h a t  
p a r t  o f  th e  1 igau ien  t  w h ic h  s e rv e s  in  th e  a d u l t  t o  decions t r  a te  
i t s  c a p s u la r  o r i g i n  in  t h a t  i t  le a v e s  th e  a c e ta b u la r  c a v i t y  may 
be o b s e rv e d  in  v a r io u s  d e g re e s  o f  deve loum en  t .  Fios t  c o rm p n l y 
a f t e r  p a s s in g  u n d e r th e  t r a n s v e r s e  l ig a m e n t  th e  is s u e in g  f i b r e s  
m in g le  w i t h  th e  n e ig h b o u r in g  ] Ig a m e n to u s  o r ig i n  o f  th e  p e r ip h e r a l  
C a p s u le :  ] ess f r e q u e n t l  y ,  th o u g h  WRLChER d e s c r ib e s  i t  c o n s t a n t ,  
th e  C o n t in u a t io n  o f  th e s e  f i b r e s  on th e  in n e r  s u r fa c e  o f  th e
32.
c a p s u le  in  th e  i n t e r v a l  b e tw e e n  th e  p u b o - fe n o ra ]  and i s c h i o -
fe m o ra l ban ds  may be t r a c e d  f o r  g .  to  3 .  c m s . :  and t h i s  b u n b le ,
and n o t  as s u g g e s te d  b y  KE ITH  th e  ’ r e f l e c t e d  l ig a m e n t  o f  th e
fe m o r a l  n e c k ' ,  r e p r e s e n ts  th e  o r i g i n a l  c o n t i n u i t y  b e tw e e n  p e r ip h e r a l
and  i n t r a - a r t i c u l a r  c a p s u la r  e le m e n ts .
Though C ases  h a v e  been d e s c r ib e d  in  w h ic h
th e  l i g .  te re s  was o n ly  p a r t i a l l y  d e v e lo p e d ,  o r  a g a in  e n t i r e l y
r e p r e s e n te d  b y  s y n o v ia l  membrane o r  even  i n  w h ic h  i t  was c o m p le te ly  
( 1 )
a b s e n t ,  n o rm a l d im e n s io n s  f o r  th e  l ig a m e n t  Pay be s t a t e d . I n  
le n g t h  i t  i s  g .  t o  2 .6  c m s . ,  .6  t o  .8  cm s . b r o a d ,  and as a f l a t  
b a n d , i t s  shape  when f u n c t i o n a l l y  a c t i v e ,  .2  t o  , 4  cm s . t h i c k .
The s t r a i n  i t  i s  c a p a b le  o f  r e s i s t i n g  i s  60 to  70 k i l o s .
The p o s i t i o n  o f  th e  l ig a m e n t  i s  s u c h  t h a t  
w h i le  l a t e r a l l y  i t  r e s t s  on th e  h ea d  o f  th e  f e t u r  m e d ia l l y  i t  i s  
i n  C o n s ta n t  r e l a t i o n s h i p  w i t h  th e  a c e ta b u la r  pad o f  f a t :  so t h a t  
d u r in g  th e  m ovem ents o f  th e  head  o f  th e  f e i u r  i t  i s  n e v g r  p la c e d  
b e tw e e n  c a r t i l a g in o u s  s u r fa c e s .  T h is  f a c t  h a s  g iv e n  r i s e  t o  th e  
v ie w  t h a t  th e  H a v e rs ia n  pad  and th e  w h o le  n o n - a r t i c u l a r  p a r  t  o f  
th e  a c e ta b u lu m  a re  c o n d i t io n a l  on th e  p re s e n c e  o f  th e  rO un d  l ig a m e n t  
so  t h a t  i f  th e  1 iga -m en t i s  a b s e n t  th e  p ad  o f  f a t  i s  w a n t in g  and 
th e  a r t i c u l a r  s u r fa c e  is  c o m p le te .  T h is  v ie w  i s  c o n s id e re d , l a t e r ,
3 .  THE ACCESSORY CAPaiJLAR 3TRÜ0TTTRER.
U nder t h i s  h e a d in g  we in c lu d e  th e  
s y n o v ia l  Eiemibrane and th e  ex t r  a - s y n o v ia l  f a t t y  p a d s , b o th  s t r u c t u r e s  
w h ic h  r e c e iv e d  m ore c o n s id e r a t io n  a t  th e  han ds  o f  th e  o ld e r
i *  I n  none  o f  th e  d e s c r ip t io n s  o f  th e s e  o c c p r r  ance s t o  w h ic h  we have 
h ad  a cce ss  has any h ee d  been  ta k e n  o f  th e  p o s s i b i l i t y  o f  a 
p r e v io u s  d i s l o c a t i o n  o f  th e  j o i n t ,  f o r  th e  d e v e lo p r .e n t  o f  
w h ic h  th e r e  m u s t be a r u p t u r e  o f  the  l ig a m e n t .
a n a to m is ts  th a n  th e y  do a t  th e  p r e s e n t  d a y .
A . The e x t r a - s y n o v ia l  f a t : -  The te rm  ' synovial 
pad.’ i s  a p p l ie d  t o  a mass of v a s c i i } a r  is e d  f a t  in v e s te d  b y  
s y n o v ia l  m ecibrane locally m o d if ie d  f o r  th e  p r o d u c t io n  o f  synovia. 
(HAVSR3.) I n  a d d i t io n  to  the g la n d u la r  f u n c t i o n  o f  th e  c o v e r in g  
m em brane, w h ic  h has le d  t o  t h e i r  d e s ig n a t io n  o f  ’ H a v e rs ia n  g la n d s ’ ,  
as a w h o le  th e s e  m asses a c t  as m o v a b le  pads which a re  d raw n  
in t o  and o c c u p y  th e  sp a c e s  w h ic h  w o u ld  o th e r w is e  occur b e tw e e n  
th e  a r t i c u l a r  s u r fa c e s  o f  j o i n t s  d u r in g  t h e i r  a c t io n .  T h is  
s e p a r a t io n  o f  a r t i c u l a r  s u r fa c e s  i s  p e c u l ia r  o f  o rg a n ic  joints, 
and t o  f i l l  th e  p o t e n t i a l  i n t e r v a l s  m o v a b le  and y ie ld i n g  s t r u c t u r e s  
are required: s u c h  a re  fo u n d  in  two m o d i f i c a t i o n s . I f  space  
a lo n e  i s  to  be o c c u p ie d  synovial pads f u l f i l  th e  r e q u i r e m e n ts ,  
but if r e s is t a n c e  to p re s s u re  i s  an a d d i t i o n a l  f u n c t i o n  f i b r o -  
c a r t i l a g in o u s  t i s s u e  i s  n e c e s s a ry  : and s in c e  th e s e  s t r u c t u r e s  
a re  n e c e s s a ry  in  th e  a r t i c u l a r  m e c h a n is m , they a re  c o n s t a n t  and 
r e g u la r  in  p o s i t i o n  in  each  j o i n t ,  and a s s o c ia te d  w i t h  e a ch  pad 
i s  a s y n o v ia l  mec han ism f o r  r  e g u l a t io n  of i t s  m o ve m e n ts . I n  
C o n n e c t io n  w i t h  th e  hip j o i n t  t h e r e  a re  three s y n o v ia l  pads :  two 
a re  in  r e l a t i o n  to  th e  a r t i c u l a r  margin o f  th e  head  o f  th e  f e m u r ,  
and th e  t h i r d  i s  s i t u a t e d  in  th e  a c e ta b u la r  fO s s a .  The fe m o r a l 
pads a re  p la c e d  in  th e  s u p e r io r  and i n f e r i o r  c o n c a v i t ie s  o f  th e  
articular m a rg in  a t  th e  m e d ia l ends o f  th e  r e t i n a c u la  o f  th e  
n e C k , Both a re  so f r e e l y  m o v a b le  on th e  u n d e r - l y in g  t is s u e s  o f  
th e  n e c k  t h a t  on s e m i - f l e x io n  o f  th e  l im b ,  when th e  p e r ip h e r a l  
C a p s u le  and t h e r e fo r e  th e  r e t i n a c u la  a re  r e la x e d ,  th e s e  pads 
r e a c t  to  th e  sue t i o n  a c t io n  g e n e ra te d  w i t h in  th e  j o i n t ,  and move
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so t h a t  th e  i n f e r i o r  Comes to  l i e  on th e  p u b ic  p a r t  o f  th e  
ac e ta b u la r  m a r g in , and o c c u p ie s  an i n t e r v a l  w h ic  h w ou.id  o th e r w is e  
be  c r e a t e d  b e tw e e n  th a . t  p o r t i o n  o f  th e  a c e ta b u la r  s u r fa c e  and 
the- r e c e e d in g  m a rg in  o f  th e  hea>d« ^Vhen th e  i n f e r i o r  r e t i n a c u la  
a re  s t r e t c h e d ,  as o c c o rs  in  th e  t ig h t e n in g ,  o f  th e  c a p s u le  in  
e x te n s io n  and h y p e r - f l e x  io n ,  th e y  p u l l  on th e  s y n o v ia l  pad  and 
f l a t t e n i n g  i t  on th e  n e ck  o f  th e  fe m u r  re m o ve  i t  f r o m  any 
p o s s ib le  in t e r v e n t i o n  be  tw een th e  a r t i c u l a r  s u r fa c e  o f  th e  
a c e ta b u lu m  and th e  a d v a n c in g  -m argin o f  th e  h e a d  o f  th e  fe m u r .  
These s y n o v ia l  p a d s ,  th e n ,  a re  p la c e d  so as to  e q u a j is e  th e  
u n e ve n  a r t i c u l a r  m a rg in  o f  th e  f e m o r a l  head in  i t s  v a r y in g  
p o s i t i o n  on th e  u n i f o r m  m a rg in  o f  th e  a c e ta b u lu m , and t h e i r  
s y n o v ia l  m echan ism s a re  th e  r .e t in a C u ia  o f  WSITBREC'HT. The 
a c e ta b u la r  s y n o v ia l  pad  i s  p la c e d  in  th e  a c e ta b u la r  fo s s a  
s u p e r f i c i a l  to  i t s  t h i n  e a s i l y  d e ta c h e d  p e r io s te u m ,  t o  w h ic h  i t  
i s  m o v a b iy  u n i t e d  b y  weak l ig a m e n to u s  c o n n e c t io n s  and s m a ll 
v a s c u la r  c h a n n e ls .  The c Onnec t i o n  i s  so s l i g h t  t h a t  th e  w h o le  
pad may be l i f t e d  o f f  w / i th  a s c a lp e l  h a n d le .  The am oun t o f  th e  
mass v a r ie s  i n d i v i d u a l l y ,  and  may h e re  and th e r e  seem to  be 
d e f i c i e n t  espec i a ]  l y  in  th e  u p p e r  p a r t  o f  th e  f o s s a ,  b u t  n o r m a l ly  
i t  i s  o f  v o ju m e  more th a n  s u f f i c i e n t  t o  f i l l  th e  a c e ta b u la r  
f o s s a ,  th e  e x ce ss  b e in g  n e c e s s a ry  in  i t s  f u n c t i o n .  The 
m ovem ents o f  t h i s  pad  a re  s u c h  t h a t  on s e m i - f l  e x io n  o f  th e  l i r / h  
i t  p a s s e s  in t o  th e  a c e ta b u lu m  u n d e r th e  a c t io n  o f  th e  s u c t io n  
f  o rc e  o f  th e  j o i n t ,  and a b o l is h e s  th e  i n t ^ r v  a] w h ic  h w o u ld  
o th e r w is e  be p ro d u c e d  b y  th e  a p ic a l  d is p la c e m e n t  o f  th e  head  
o f  th e  fe m u r :  and t h i s  m ovem ent i s  v i s i b l e  f r o m  th e  p e r ip h e r a l
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a s p e c t  o f  th e  j o i n t  as an ’ in  d r  a w in g ’ o f ' t h e  s t r u c t u r e s  s u p e r f i c i a l  
t o  th e  a c e ta b u la r  g a p . On e x te n s io n  o f  th e  1 i r io  th e  e x c e s s iv e  
p o r t i o n  o f  th e  pad i s  v i s i b l y  p r o t r u d e d  th ro u g h  th e  a c e ta b u la r  
g a p , and re a c h e s  t h a t  p o s i t i o n  n o t  b y  an e x p u ls iv e  a c t io n  o f  th e  
a d v a n c in g  a p ic a l  p a r t  o f  th e  fe ia o ra l h e a d , b u t  b y  b e in g  a c t iv e ]  y 
w ith d ra w n  b y  i t s  p e c u l ia r  s y n o v ia l  r e t i n a c u la  a t ta c h e d  to  th e  
s u p e r f i c i a l  p a r t  o f  th e  1 1  g amen tu rn  t e r e s .
We b e l ie v e ,  t h e n ,  t h a t  th e s e  s v n o v ia l  
pads a re  a c t iv e  a c c e s s o r ie s  o f  th e  a r t i c u l a r  m echan ism  in  t h e i r  
f u n c t i o n  o f  o c c u p y in g  i n t e r v a l s  w h ic h  w o u ld  o th e r w is e  o c c u r  
b e tw e e n  th e  m ore u n y ie ld in g  a r t i c u l a r  s u r fa c e s  :  and t h a t  t h e i r  
mov emen ts  a re  c on t r o l l e d  b y  b a n d s  o f  s y n o v ia ]  m m b ra n e ,  th e  
r e t i n a c u la ,  w h ic h  a re  a t ta c h e d  on th e  one hand to  th e  s u r r o u n d in g  
c a p s u le  and on th e  o th e r  a re  c o n n e c te d  t o  th e  f a t t y  n ia s s e s .
B . The s y n o v ia l  m e m b r a n e T h e  s y n o v ia l  membrane 
o f  th e  h ip  j o i n t  i s  in  e x t e n t  and a t ta c h m e n t  in  con r.on  w i t h  
t h a t  o f  o th e r  d ia r t h r o s e s , b u t  t h e r e  a re  th e  r e t i n a c u la  o f  
W SIT BRECHT ( o r  l ig a m e n ts  o f  HT AH LEY ) to  le nd , i t  a p e c u l ia r  
i n t e r e s t .  These r e t i n a c u la  a re  r e a d i l y  r e c o g n is e d  on th e  
i n t e r i o r  o f  th e  c a p s u le  as f l a t t e n e d  b a n d s  p a s s in g  in w a rd s  to w a rd s  
th e  m a rg in  o f  th e  h e a d  o f  th e  fe m u r  f r o m  th e  a tta c h m e n  t  o f  th e  
p e r ip h e r a l  c a p s u le .  F ro m  a r a t h e r  m ix e d  and o f t e n  n e g a t iv e  
l i t e r a t u r e  th e  f o l l o w i n g  d e s c r ip t i o n  may be s e le c te d  as e x p re s s iv e  
o f  C u r r e n t  o p in io n  r e g a r d in g  t h e i r  c o n s t i t u t i o n :  th e  r e t i n a c u ]  a 
a re  a r ra n g e d  in  t h r e e  g ro u p s ,  s u p e r  i o r , m id d le  and i n f e r i o r :  
s t r u c t u r a l l y  th e y  a re  s y n o v ia ]  c o v e re d  c  a p s u l a r  r e f l e c t i o n s :  
m o r p h o lo g ic a l ly  th e  i n f e r i o r  s e t  i s  s a id  to  r e p r e s e n t  th e
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p e r s i s t e n t  r e t in a c u lu m  o f  th e  in v a g in  a te d  ] ig  amen bur = t e r e s ,
(K E IT H , PARHCHH:) f u n c t i o n a l l y  th e y  a re  d e v e lo p e d  e i t h e r  to 
p r e v e n t  in  tr ac a p s u l a r  f r  ac tur e o f  the n ec V ,  (F AWC ETT ,  ) o r  i f  that 
has already occurred as a i.eans  o f  f i x a t i o n  o f  th e  f r a g m e n ts ,  
(CUHNINUHAFj. ) C i ù t t i n g  many v e r y  p o s s ib le  c r i t i c i s m s  o f  any o r 
all o f  th e s e  v ie w s ,  we s t a t e  th e  c o n c lu s io n s  we have a r r iv e d  a t  
f r o m  a s tu d y  o f  t h e i r  Ontogeny and c o m p a r a t iv e  anatomy. The 
r e t i n a c u la  a re  d e v e lo p e d  o v e r  th e  b lo o d  v e s s e ls  which p e r f o r a t e  
th e  Capsular a t ta c h m e n t  and p ass  a lo n g  th e  n e ck  o f  th e  fe m u r to  
e n te r  th e  foramiina towards th e  a r t i c u l a r  margin o f  th e  h e a d .
F rom  t h e i r  c a p s u la r  p e r f o r a t io n s  th e s e  v e s s e ls  d e r iv e  and c a r r y  
in w a rd .8 i n d e f i n i t e  f i b r o u s  p r o lo n g a t io n s  o f  th e  c a p s u la r  w a l l ,  
v fh lc h  a re  c ov e r  ed ov e r  b y  r  e f  1 ec t ie n s  o f  th e  syn  ov i a l  membr a n e .
The f  ib r o u s  p r o lo n g a t io n s  te r m in a te  b y  f u s io n  with th e  
s u p e r f i c i a l  s t r u c t u r e s  of th e  n e c k  a t  varying and i n d e f i n i t e  
d is ta n c e s  f r o m  t h e i r  o r i g i n ,  w h i le  th e  syno"^ i a l  membr an e p a s s e s  
onwards to th e  f a t t y  m asses a t  th e  c a r t i l a g in o u s  mar g in  o f  th e  
h e a d . The r e t i n a c u la  th u s  c o n s t i t u t e d  may be p la c e d  in  th r e e  
g r o u p s ,  and s u c h  a d i v i s i o n  i s  in  d e f i n i t e  and d i r e c t  r e l a t i o n s h i p  
t o  th e  p o s i t i o n s  o f  th e  vascular f o r a i i i n a  o f  th e  n e C k . We- 
h a ve  d e te rm in e d  th e s e  f a c t s  in  th e  a d u l t  human s u b je c t ,  i n  some 
of th e  d o m e s tic  c a r n i v o r ^  certain o f  th e  u n g u la ta j^ ^  and in  
one o f  th e  lo w e r  m o n ke ys . In  th e  e a r ly  human em bryo th e  l i g .  
t e r e s  i s  c o m p le te ly  f r e e  a t  th e  f i r s t  a p p e a ra n c e  o f  th e  j o i n t  
C l e f t :  in  th e  em bryo t a p i r  a s y n o v ia l  me s e n t r y  b i i id s  th e  l i g a r u n t
1 .  I n  th e s e  g ro u p s  th e r e  i s  n e i t h e r  s u p e r io r  r e t in a c u lu m  n o r  
s u p e r io r  s y n o v ia l  pad  owing t o  th e  shape of t h a t  a re a  of th e  
a r t i c u l a r  head.
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t o  th e  c a p s u le  w a l l , w h i le  in  th e  a d u l t  th e  l ig a r a e n t  i s  g ra s p e d
as in  th e  a d u l t  human sub je c  t ,  ( WELCH ER:) in  th e  w a lr u s  and s e a -
c o w , w h e re  th e  ] im b p e r t a in s  to  th e  r e p t i l i a n  t y p e ,  th e
l ig a m e n t  a r is e s  w i t h in  th e  j o i n t  c a v i t y  p e rm a n e n t ly  e n fo ld e d
in  a s y n o v ia l  r e f l e c t i o n  from th e  c ap s u l  e v' a l  1 . ( MQH ER . ) We
h o ld  t h e r e f o r e  t h a t  th e  i n f e r i o r  f e n o r a j  r  e t i n  acu Jum c anno t  be
th e  p e r s i s t e n t  re m a in s  o f  th e  m e s e n try  o f  th e  in v a g in a  te d  l i g .
t e r e s ,  b u t  t h a t  s u c h  s h o u ld ,  and p o s s ib ly  does o c c u r ,  as th e
r e t in a c u lu m  o f  th e  a c e ta b u la r ,  s y n o v ia l  p a d ,  ( a ls o  d e s c r ib e d  b y
WEI T BRECHT, ) w h ic h  a r is e s  in  r e l a t i o n  t o  th e  e x t r a - a c e  t a b u la r
p a r t  o f  th e  llg a m e m tu m  te r e s  (WgLCHfsR) and in v e s ts  th e  v e s s e ls
p a s s in g  th ro u g h  th e  a c e ta b u la r  gap  t o  th e  a c e ta b u la r  s y n o v ia l
p a d . A t  t h e i r  m e d ia l e x t r e m i t i e s  th e  fe r io r a j.  r e t i n a c u l a ,  as
a lr e a d y  in d ic a t e d ,  form th e  s u p e r f i c i a l  c o v e r in g  of th e  femoral
s y n o v ia l  p a d s , and th e s e  and t h a t  r e la t e d  to  th e  ace t a b u la r
p a d  fo r m  a m e ch a n ism , i n v i r t u e  o f  t h e i r  c a p s u la r  c o n n e c t io n s ,
f o r  th e  r e g u la t i o n  o f  th e  m ovem ents o f  th o s e  m a s s e s . A t  b i r t h
th e  r e t i n a c u la  a re  o f  r e l a t i v e j . y  la r g e r  s iz e  th a n  in  th e  a d u l t ,
b u t  r a t h e r  th a n  d e s c r ib e  t h i s  as e v id e n c e  o f  "a  n a t u r a l  means
o f  p r e v e n t io n  o f  s e p a r a t io n  a t  th e  h y a io - c h o n d r o s is  a t  a t im e
o f  l i f e  w h en , in  v i r t u e  o f  o u r  w a n t o f  t h o u g h t ,  t h e r e  i s  m o s t
( 1)
need  f o r  i t  , (FAWCETT,) we w o u ld  a s s o c ia te  th e  f a c t  w i t h  
th e  r e l a t i v e l v  la r g e r  b lo o d  v e s s e ls  I 'h ic h  p a ss  to  th e  head a t  
t h a t  period. We put f o r w a r d ,  t h e n ,  th e s e  d e f i n i t i o n s  r e g a r d in g
1 .  A t  b i r t h  th e  M iy a lo - c h o n d r o s is  ( i . e .  th e  ju n c t io n  o f  c a r t i l a g e  
and. b o n e ) w o u ld  o f  c o u rs e  be s i t u a t e d  on th e  s h a f t  o f  th e  
bone b e lo w  th e  l e v e l  o f  th e  t r o c h a n t e r s ,  ( v ,  ' E p ip h y s is  o f  
th e  h e a d .)
38.
th e  fe m o ra l r e t i n a c u la  : t h e i r  in c id e n c e  i s  c o in c id e n t  w i t h  t h a t  
o f  th e  b lo o d  v e s s e ls  o f  th e  e p ip h y s is  o f  th e  head and m e ta p h y s is  
o f  th e  n e c k ,  as d e te r r . l in e d  by  d i s s e c t io n  in  th e  r e c e n t  spec i r . en 
and b y  a n a ly s is  o f  th e  v a s c u la r  fo ra m in a  in  th e  m a c e ra te d  bone  : 
th e y  a re  r e f l e c t i o n s  o f  th e  s y n w  i a l  membrane o v e r  th e  f i b r o u s  
s h e a th s  o f  th e s e  v e s s e ls ,  and th e  s h e a th s  a re  in d e f  i n i t e l y  
d e r iv e d  f r o m  th e  c a p s u le  w a l l  : none  o f  them  p o s s e s s e s  any p e c u l ia r  
m o rp h o lo g ic a l s ig n i f i c a n c e ,  b u t  th e y  a re  d e v e lo p e d  w h e re  th e y  
w i l l  be f r e e  f r o m  d i r e c t  c a p s u la r  o r  i n t e r - a r t i c u l a r  p r e s s u r e ,  
and a re  a s s o c ia te d  w i t h  th e  b lo o d  v e s s e ls  and s y n o v ia ]  p a d s , 
p e rm a n e n t p u r p o s iv e ly  and p r e c is e ly  in  th o s e  s i t u a t i o n s ,  and.- 
s (s rve  as a p r o t e c t i o n  f o r  th e  fo rm e r  and as an a c t iv e  m echan ism  
in  th e  f u n c t io n  o f  th e  l a t t e r .
4 .  THS MORPHOLOGY OF THS CAPHULS.
The p r e s e n t  d e s c r ip t i o n s  o f  th e  m o rp h o lo g y  
o f  th e  c a p s u le  o f  th e  h ip  j o i n t  a f f i r m  t h a t  i t  c o n s is t s  o f  tw o 
p a r t s ,  t r u e  c a p s u le  and f a l s e  : th e  fo rm e r  i s  d e s c r ib e d  as th e  
d e r i v a t i v e  o f  th e  e a r ly  me so b ] as t i c  j o i n t  b o u n d a ry ,  w h i l  e th e  
l a t t e r  i s  h e ld  to  be a se co n d .a ry  a c c e s s io n  o f  ex t r a - c a p s u l  a r 
t i s s u e s ,  a c c o r d in g  t o  one v ie w  m u s c u la r  r e g r  e s s iv e s , (HUTTON, ) 
in  t h e  o p in io n  o f  o th e r s  in  te r - m u s c u la r  f a s c i a l  c o n d e n s a t io n s .  
(MACALIHTSR. ) Beyond a s ta te n ie n t  t h a t  th e  p e r ip h e r a l  
l ig a m e n to u s  b a n d s  a re  th e  a c c e s s o r ie s ,  vr© have  been  u n a b le  to  
d is c o v e r  a d e s c r ip t i o n  o f  th e  e x a c t  d e m a rc a t io n  b e tw e e n  th e  ’ t r u e ’ 
and ’ f a l s e ’ c a p s u la r  e l  emen t s , b u t  even  in  th e  absence  o f  t h i s  
b a s is  b o th  h y p o th e s e s  o f  th e  o r i g i n  o f  th e  f a l s e  s t r u c t u r e s  
a re  much a d va nced  and fo u n d  th e m s e lv e s  on th e  f a c t  t h a t  v h e re
3 9 ,
m u s c le s  o r  t h e i r  te n d o n s  a re  c o n t ig u o u s  w i t h  th e  c a p s u le  th e r e  
i s  no d e v e lo p io e n t o f  th e  c a p s u le  w a î.l in  th e  f o r i i i  o f  c a p s u la r  
l ig a m e n ts ,  so t h a t  th e  c a p s u le  in  th o s e  p la c e s  re m a in s  t h i n .
We do n o t  h e s i t a t e  t o  deny  th e  n e c e s s i t y  o f  th e  s e p a r a t io n ,  n o r  
to  a f f i r m  t h a t  th e  who le  c a p s u le  i s  an o n to g e n e t ic  e n t i t y  : and 
we do so f ro m  a s tu d y  o f  i t s  c o m p a r a t iv e  a n a to m y , i t s  human 
o n to g e n y ,  and o f  th e  re c  han Ism  o f  th e  c a p s u la r  l ig a m e n ts .
A , The coEipar a t i v e  a na tom y o f  th e  c a p s u le  The 
p e r ip h e r a l  c a p s u la r  l ig a m e n ts  a re  fo u n d  in  th e  a n th r o p o id  apes 
d e v e lo p e d  to  th e  .same e x t e n t  as (F IO K , PARHONH,) o r  even  m ore 
p r o m in e n t ly  th a n  (K E IT H ) in  m an, h u t  in  th e  lo w e r  m onkeys t h e i r  
d e f i n i t i o n  i s  n o t  so w e l l  m a rk e d : th e  z o n u la r  band i s  n o t  
e v id e n t  as s e p a ra b le  f i b r e s  in  e i t h e r  g ro u p .  (P IC K . ) Among th e  
q u a d ra p e d s  th e  c a p s u le  i s  n o t  m a rk e d ly  d i f f e r e n t i a t e d  a t  any 
p a r t ,  b u t  i t  was th ic k e n e d  d o r  s a i l  y in  a l l  o f  th o s e  we h ave  
e x a m in e d , ( C a r n iv o r a ,  r o d e n t i a ,  u n g u la ta ,  ) o w in g  to  a 
d e v e lo p m e n t o f  th e  l a t e r a l  i l i o - f  emor a 1 l ig a m e n t .  The c a p s u le  
i s  o f  a l a x i t y  s u f f i c i e n t  to  a l lo w  a s e p a r a t io n  o f  th e  a r t i c u l a r  
s u r fa c e s  f ro m  one a n o th e r  , and as d e te r iu in e d  by  a c o m p a r is o n  o f  
o p p o s i te  j o i n t s  ( i n  th e  c a .t)  th e  c a p s u la r  l i m i t a t i o n  o f  m ovem ent 
i s  a c t iv e  on ] y in  a d d u c t io n  o f  th e  lo w e r  e x t r e m i t y  o f  th e  bone 
i n  th e  s u p p o r t in g  p o s i t i o n  o f  th e  l i n b :  and t h i s  l i m i t a t i o n  
o c c u rs  i n  th e  t ig h t e n in g  o f  th e  i l i o - f e m o r a l  l ig a m e n t  and o f  
th e  lig a m e n tu m  t e r e s .  I n  o th e r  d . i r a c t io n s  th e  l i m i t s  o f 
x in ve iilen t a re  m ore i n d e f i n i t e ,  and a re  a c c o m p lis h e d  6 ^  th e  a c t io n  
o f  th e  s u r ro u n d in g  m u s c le s ,  w h ic h ,  i n  c o n t r a s t  t o  th e  human 
S u b je c t ,  a re  d is p o s  ed in  c o n t a c t  w i t h  th e  w h o le  s u p e r f i c i e s  o f
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th e  c a p s u le .  T h e re  a re  no a c c e s s o r ie s  to  th e  c a p s u le  f r o m  th e s e  
m u s c le s .  The C o m p a ra tiv e  ana tom y o f  th e  l i g .  t e r e s ,  th e  m os t 
p e r s i s t e n t  o f  a l l  th e  c a p s u la r  l ig a m e n t s ,  i s  known b e t t e r  th a n  
t h a t  o f  any o th e r  j o i n t  l ig a m e n t .  The f o l l o w i n g  a re  th e  m a in  f a c t s .  
The r e p t i l i a n :  f emur i s  c a r r i e d  o u tw a rd s  somewhat p e r p e n d ic u la r  t o  
th e  long a x is  o f  th e  body, and i t s  m ovem ents a re  backwards and 
fo r w a r d s  on a v e r t i c a l  a x is  th ro u g h  th e  h e a d . The c a p s u le  o f  th e  
j o i n t  i s  th ic k e n e d  l a t e r a l l y  and m e d ia l l y  and each  hand  c o n s is t s  
o f  two p a r t s .  I f  th e  f e n u r  o f  t h i s  ty p e  o f  j o i n t  i s  f o r c e d  
v e n t r a l l y  th e  m e d ia l band te n d s  to  e n te r  th e  j o i n t  c a v i t y  th u s  
d e m o n s t r a t in g  th e  p h y lo g e n y  o f  th e  l i g .  t e r e s .  I n  m onotre rnes 
and In t h e  t h r e e -  and two-toed s lo t h s  th e  l ig a m e n t  i s  s t i l l  e x t r a -  
- a r t i c u l a r  and p a r t  o f  th e  p e r ip h e r a l  c a p s u le  : in  m a rs u p ia ls  and i n  
c e r t a i n  o f  th e  ed e n ta  ta  th e  l ig a m e n t  i s  w i t h i n  th e  j o i n t  th o u g h  
s t i l l  a t ta c h e d  to t h e  per ip h e r a l  c a p s u le :  i n  th e  other s p e c ie s  i n  
w h ic h  i t  i s  p r e s e n t  th e  l ig a m e n t  i s  m o re  i s o la t e d  f r o n i  th e  r e s t  o f  
th e  c a p s u le ,  though i t  may r e t a i n  a m e s e n te ry  o f  th e  c a p s u la r  
s y n o v ia l  miembrane o r  an e x t r a - a c e ta b u la r  c a p s u la r  a t ta c h m e n t  to  
i n d ic a t e  i t s  c a p s u la r  o r i g i n .  The l ig a n .e n t  may th u s  re m a in  
p e rm a n e n t a t  d i f f e r e n t  s ta g e s  o f  i t s  p h y lo g e n e t ic  in  t r a - a r  t i c u l a r  
p r o g r e s s io n .  R e g a rd in g  th e  d e s c r ib e d  a bse nce  o f  th e  l ig a m e n t  in  
c e r t a i n  a n im a ls  t h i s  a p p e a rs  to  be due t o  an o n to g e n e t ic  
r e t r o g r e s s io n :  f o r  in  th e  em bryo h e d geho g  MOHgR n o te d  t h a t  th e  
l ig a m e n t  was r e l a t i v e l y  f u l l y  developed, th o u g h  l a t e r  i t  has 
a l t o g e th e r  r e g re s s e d  and i s  c o m p le te ly  a b s e n t In  th e  a d u l t .  
A c c o rd in g  to  F 1 0 % th e  same f a c t s  a re  t r u e  in  th e  o ra n g ,  and 
MINVART h a s  in d ic a t e d  t h a t  re ru a n ts  o f  th e  l ig a m e n t  r-xay be p r e s e n t
41.
in  th e  a du ] t  o f  t h a t  s p e c ie s .  I n  th e  e le p h a n t ,  and as a l r e a d y
in d ic a t e d  in  monotrernes and s lo t h s ,  th e  l i g .  t e r e s  i s  present as
p a r t  o f  th e  p e r ip h e r a l  c a p s u le .
B . The ontogeny of th e  c a p s u le  i n  th e  human suh j  ec t  : -
I n  r e fe r e n c e  to  th e  p r e s e n t  d e s c r ip t i o n s  o f  th e  m o rp h o lo g y  o f  th e
c a p s u le  i t s  o n to g e n y  may be d is c u s s e d  in  t ^ o  p h a s e s .
1 . The p e r f e c t i o n  o f  th e  c a p s u le  as a s t r u c t u r e
e n c lo s in g  th e  a r t i c u l a t i o n ,  s u b s e q u e n t to  its
d e f i n i t i o n  a t  th e  a p p e a ra n c e  o f  th e  j o i n t  c l e f t .
g .  The p e r f e c t i o n  o f  th e  c a p s u le  as a s t r u c t u r e  w i t h
d e f  i n  i t  e rnec h  an ic  a, 3. fu n c  t i o n .
1 .  The d e f i n i t i o n  o f  th e  c a p s u le  W ith  t h i s  p a r t  o f  th e  s u b je c t
we a re  a t  p r e s e n t  n o t  m ore th a n  g e n e r a l l y  c o n c e rn e d .  The
C a p s u le  o f  a d i a r t h r o s i s  i s  d e f in e d  on th e  appearanc-e  o f  th e  j o i n t
c l e f t  and represents t h e  p e r s i s t a n t  peripheral m esenchyme of th e
o r  i g i n a l l  y c o n t  in u o u s , b u t  now s e p a r a t e d , p r e - c  a r t i l a g in o u s
osseo us  r u d im e n ts .  I t s  a t ta c h m e n ts  t h e r e f o r e  a re  a t  th e
c omme nc erne n t  d e f  i n i t e l y  ex t r a - a r  t i c u l  a r  bu t  a re  so i r  ir- le d ia  te  3 y
b e y o n d  th e  a r t i c u l a r  a re a s .  A t  th e  8 t h .  week th e  c a p s u le  o f  th e
h ip  j o i n t  i s  seen  to  be fo rm e d  a f t e r  such  a m anner and t o  c o n s i s t
o f  two d i f f e r e n t i a t e d  la y e r s ,  ( f i g . 5 . )  P e r i p h e r a l l y  th e  c a p s u le  
w
p ro p e r  c o n t in u o u s  a t  i t s  o r i g i n  w i t h  th e  p e r ic h o n d r iu m  o f  th e  
A'
u n ehondr i f i e d  c o t y l o i d  and t r a n s v e r s e  l ig a m e n ts  and a t  i t s  
i n s e r t i o n  w i t h  th e  p e r  ic  h o n d r ium  a t  th e  ju n c t io n  of th e  head  
a,nd s h a f t  of th e  f emur. The l i g .  te r e s  is i s o la t e d  th ro u g h o u t  
i t s  c o u rs e  f r o m  i t s  c o n t i n u i t y  w i t h  th e  lo w e r  p a r t  o f  th e  
p e r ip h e r a l  capsule and i t s  attachment t o  th e  p e r ic h o n d r iu m  o f  th e
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H ip  j o i n t  o f  a 3 cm* em bryo*
e le m e n ts  o f  th e  lo w e r  p a r  t  o f  th e  ac e ta b u lu m  t o  i t s  i n s e r t i o n  on 
th e  p e r ic h o n d r iu m  o f  t h e  hea d  o f  th e  fe m u r  i n  a r e l a t i v e l y  la r g e  
t r a n s v e r s e  o l e f  t *  L in in g  th e  i n t e r i o r  o f  th e  p e r ip h e r a l  
c a p s u le  and I n v e s t in g  t h e  l i g #  t e r e s  and c o n t in u o u s  w i t h  th e  
s u p e r f i c i a l  la y e r  o f  th e  p e r ic h o n d r iu m  o f  t h e  p r  e -c  a r  t i l  a g in o u s  
bones i s  t h a t  secon d  la y e r  o f  th e  c a p s u le ,  w h ic h  i s  u l t i m a t e l y  
d i f f e r e n t i a t e d  as th e  s y n o v ia l  m e rb ra n e  o f  th e  j o i n t ,  th o u g h  
r e t a i n i n g  t o  a l a t e r  p e r io d  i t s  p r  im fL t lv  e p e r  ic  h o n d r  ia ]  
c h a r a c te r s  and i n  th e  a d u l t  o c c a s io n a l ly  g i v in g  r i s e  p a t h o lo g i c a l l y  
to  p e r  ic  h o n d r i a l  d e r i v a t i v e s .  A t  th e  end o f  th e  3 r d .  m on th  
th e  a r t i c u l a r  c a p s u le  may be s a id  to  be  m o rp h o l o g ic  a l l y  c o m p le te  
and to  C o n s is t  o f  tw o  p a r t s ,  th e  s y n o v ia l  m e rb ra n e  and th e  ex t r  a -  
s y n o v ia l  f i b r o u s  c a p s u le *
8 . The p e r f e c t i o n  o f  th e  c a p s u l e T- T h e re  a re  tw o  c h a n g e s  o f  th e  
C a p s u le  th u s  fo rm e d  w h ic h  o c c u r  i n  i t s  p e r f e c t i o n  as a s t r u c t u r e
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v î i t h  d e f i n i t e  m echan ic  a l  f  une t i o n ,  th e  d e v e lo p m e n t o f  th e  
c a p s u la r  l ig a m e n ts  and th e  s h i f t i n g  o f  th e  p o s i t i o n  o f  i t s  
o sse o u s  a t ta c h c ie n ts :  and b o th  c h a n g e s  a re  c o n s e q u e n t on th e  
d e f i n i t i o n  and e lo n g a t io n  o f  th e  necv  o f  th e  f e r u r .  The m ethod  
o f  s tu d y  was th e  d i s s e c t i o n  o f  th e  c a p s u le  in  f o e t i  f r o m  5 m o n th s  
onw ards and a f t e r  b i r t h  i n  s u b je c t s  o f  th e  ages o f  1 ,  2 ,  4 ,  6 ,
3.0, and 14  y e a rs   ̂ I n  a f o e t u s  o f 5 m on ths  t h e  p e r ip h e r a l  
c a p s u le  i s  la x  enough t o  a l lo w  a c o n s id e r a b le  s e p a r a t io n  o f  th e  
j o i n t  s u r fa c e s  f r o m  one a n o th e r  b u t  n o t  s u f f i c i e n t  t o  a l lo w  a 
f u l l  d i s l o c a t i o n  o f  th e  f e m o r a l  h e a d . I t  may be  d e m o n s tra te d ,  
th o u g h  m ore s a t i s f a c t o r i l y  so in  a f u l l  t im e  f o e t u s ,  t h a t  th e  
C a p s u le  i s  s h o r t e r  a n t e r i o r l y  th a n  p o s t e r i o r l y  p r o b a b ly  i n  
a s s o c ia t io n  w i t h  th e  f l e x e d  p o s i t i o n  o f  th e  l im b .  The c a p s u le  i s  
t h ic k e r  a n t e r i o r l y  and s u p e r i o r l y  b u t  t h e r e  i s  no *b a n d ’ f o r m a t io n  
a p a r t  f r o m  a fe w  f  ib r e s  v /h ic h  c a n  be d e te rm in e d  t o  r u n  c i r c u l a r l y  
d i s t a l  t o  th e  g r e a t e s t  d ia m e te r  o f  th e  h e a d . I n  a s u b je c t  14  y e a rs  
o f  age th e  j o i n t  l ig a m e n ts  a re  fo rm e d  r e l a t i v e l y  as in  th e  
a d u l t r  and b e tw e e n  th e s e  tw o  s p e c im e n s , th e  5 CiOnths f o e t u s  and. 
t h a t  a t  1 4  y e a r s ,  a l l  th e  in te r m e d ia te  s ta g e s  o f  t h e i r  d e v e lo p m e n t 
may be o b s e rv e d .  The p e r ip h e r a l  c a p s u la r  l ig a m e n ts  a re  • 
o n to g e n e t ic  a l l  y d e r i v a t i v e s  o f  th e  p r im a t iv e  f i b r o u s  c a p s u le ,  
d e v e lo p e d  e s p e c ia l l y  a n t e r i o r l y  on th e  a s s u m p tio n  o f  th e  e r e c t  
p o s i t i o n  so t h a t  in  t h a t  p o s i t i o n  th e  head o f  th e  fe m u r  may be 
r e t a in e d  w i t h in  th e  a c e ta b u lu m : and th e s e  l ig a m e n ts  become m ore 
n e c e s s a ry  as th e  n e c v  o f  th e  fe m u r  e lo n g a te s ,  f o r  th e  j o i n t  may
1 .  A m ere s ta te m e n t  o n ly  i s  n e c e s s a ry  h e r e : a f u l l ,  d e s c r ip t i o n  
w i l l  be p u b l is h e d  l a t e r .
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no ]. ong e r be so  f  u l l y  d e p e n d e n t on th e  n o rm a l m uscu l a tu r  e i n  th e  nev 
d i r e c t i o n  o f  i t s  a x is  o f  m ovem en t. T h e re  i s  no g ro s s  r e g r e s s io n  
o f  m u s c le  ro u n d  th e  human h ip  ,1 o in t ^ b u t  a d e v e lo p m e n t o f  f i b r o u s  
l ig a m e n t  i n  th e  absence  o f  th e  r e q u i r e d  l ig a m e n to u s  a c t io n  o f  ' 
m u s c le .  The j i g .  t e r e s  re m a in s  th e  m o s t d e v e lo p e d  o f  th e  j o i n t  
l ig a m e n ts  t i l l  a b o u t 14  y e a rs  o f  a g e , b u t  is  r e l a t i v e l y  la r g e r  
a t  b i r t h  and f o r  th e  f i r s t  2 o r  3 y e a rs  th a n  i t  i s  b e fo re  o r  a f t e r  
t h a t  p e r io d .  I n  regard to  th e  s h i f t i n g  o f  th e  a t ta c h m e n t  o f  
th e  c a p s u le  t h i s  o c c u rs  a t  b o th  e x t r e m i t i e s ,  so t h a t  i t s  b a s a ] 
C o n n e c t io n  becom es m e d ia l to  th e  c o t y l o i d  l ig a m e n t  w h i le  th e  
fe m o r a l i n s e r t i o n  i s  s e p a ra te d  f r o m  th e  a r t i c u l a r  m a rg in  o f  th e  
head  b y  th e  le n g t h  o f  t h e  n e c v .  The l a t t e r  c h a n g e  i s  b r o u g h t  
a b o u t ,  w.e b e l i e v e ,  rather b y ' t h e  g ro w th  a t  th e  i n t r  a -c  a p s u l a r 
e p ip h y s is  th a n  b y  a l a t e r a l  d is p la c e m e n t  o f  t h e  c a p s u la r  
i n s e r t i o n .
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B . THS iViROHALTHM QF THS GAP3ULB;.
1 .  THS ACTION OF THS CAPHULS AH A WHOLS.
A c l a s s i f  i c a t i o n  o f  th e  f o r c e s  w h ic h  c h e c k
m ovem ents a t  a j o i n t  has  b e e n  m ade: as i n
1 .  th e  a c t io n  o f  th e  c a p s u la r  l ig a m e n ts . :
2 .  th e  a c t io n  o f  th e  j o i n t  n t is c le s :  and
3 * th e  c o n t a c t  o f  ex t r a - a r  t i c u l a r  b o n e .
R e g a rd in g  c h e c k in g  o f  m ovem ent b y  th e  
c o n t a c t  o f  th e  o s s e o u s  j o i n t  e le m e n ts ,  th e  u s u a l l y  c i t e d  e xa m p le s  
a re  th e  l i m i t a t i o n  o f  f l e x i o n  a t  th e  e lb o w  and th e  h ip  b y  th e  
C om ing  to g e th e r  o f  the . c o r  o no id  p ro c e s s  and th e  hum erus  i n  th e  
fo r m e r  c a s e  and  in  th e  l a t t e r  th e  c o n t a c t  o f  th e  a n t e r io r  
i n f e r i o r  i l i a c  s p in e  w i t h  t h e  neck  o f  th e  fe m u r .  H uch a
l i m i t a t i o n  o f  m ovem ent i s  sudd en  in  o n s e t  and a b s o lu te  in
d e g re e , f o r  i n  i t s  a c t io n  f u r t h e r  m ovem ent in  th e  d i r e c t i o n  in  
w h ic h  th e  c On ta b  t  r  e s u l te d  vyou ld  be a t te n d e d  b y  a s e p a r a t io n  
o f  th e  j o i n t  s u r fa c e s  f r o m  one a n o th e r ,  ro u n d  th e  a re a  o f  c o n t a c t  
as a f u lc r u m  and in  o p p o s i t io n  t o  th o s e  f o r c e s  w h ic h  r e t a i n  
th e  s u r fa c e s  in  c o in c id e n c e .  T h is  means o f  l i m i t a t i o n  i s ,  how eve r , 
n a t u r a l l y  p re v e n te d  b y  o th e r  1 im i t i n g  m e c h a n is m s , g ra d u a l in  
o n s e t  o f  a c t io n  and r e l a t i v e , th o s e  o f  th e  s o f t  p a r t s  as a 
w h o le  o r  in  th e  a c t io n  o f  th e  m u s c le s , o r  o f  t h e  j o i n t  l ig a m e n t s .
The s o f t  p a r t s  as a w h o le  may h in d e r  m ovem ent as when th e  
fo r e a r m  comes in  c o n t a c t  w i t h  th e  a rm  o r  th e  t h ig h  w i t h  th e  
a n t e r io r  a b d o m in a l w a l l ,  b u t  s u c h  a re  i n d e f i n i t e  and v e r y  
r e l a t i v e  l i m i t a t i o n s .  The c h e c k in g  m echan ism  o f  m u s c le s  has
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a lre a d y  been d e a l t  w i t h ,  and th e  c o n c lu s io n  a r r i v e d  a t  as 
t h a t  i t  was th e   ̂ i n s u f f l e  ie n c  y o f  m u s c le  le n g t h ’ w h ic h  d e te r  m in  ej 
a p a s s iv e  o r  l ig a m e n to u s  l i i u i t a t i o n  o f  m ovem ent in  p o s i t i o n s  
w h ic h  w e re  e x tre m e  o r  u n u s u a l : f o r  e x a m p le , e x tre m e  f l e x i o n  a t  
th e  h ip  j o i n t  b r o u g h t  i n t o  a c t io n  th e  h a m s t r in g  m u s c le s  o f  th e  
t h ig h  and th e s e  th ro u g h  t h e i r  s h o r tn e s s  b r o u g h t  th e  m ovem ent to
ii-'>
a c lo s e .  The mov em ent o f  e x t e n s io n ,  on th e  o th e r  h a n d , ivae n o t
in f lu e n c e d  in  i t s  e x t e n t  b y  m u s c u la r  a c t io n  n o r  i s  t h e r e  an»'
/
ex t r a - a r  t i c u l a r  o sse o u s  c o n t a c t ,  b u t  th e  a s s u m p t io n  and th e  
m a in ta in e n c e  o f  th e  p o s i t i o n  o f  s t a b i l i t y  i s  th e  r e s u l t  o f  th e  
a c t io n  o f  th e  a r t i c u l a r  c a p s u le  and  i t s  l ig a m e n t s .
The s im p le s t  f o r r i i  o f  c a p s u la r  l ig a m e n t  
i s  t h a t  w h ic h  fo rm s  th e  l a t e r a l  b a n d  o f  a ’ h in g e  j o i n t ’ . I f  
th e  m ovem ent a t  s u c h  a j o i n t  •'^^ers^that th e  p a th  d e s c r ib e d  b y  a 
p o in t  on th e  m o v in g  s u r fa c e  was th e  a rc  o f  a c i r c l e  round - th e  
a x is  o f  th e  s t a t i o n a r y  e le m e n t ,  as has b e e n  d e s c r ib e d ,  th e n  th e
P a th  o f  a p o n u t
on th e  s u r fa c e .
P a th  d e s c r ib e d  by a 
p o in t  on  th e  b o n e .
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A m e c h a n ic a l ’ h in g e  j o i n t * :  th e  p a th s  o f  p o in t s  on th e  
m o v in g  s u r fa c e  and on th e  bone a re  c o n c e n t r i c  c i r c l e s .
l a t e r a l  1 i g  am ent v jo u ld  b e .(n e v e r m ore n o r  le s s )  in  a c t  i o i f  and c/ l 
w o u ld  f u n c t i o n a te  as a r i g i d ,  m echan ism  f o r  r e t a i n i n g  th e  a r t i c u l a r  
s u r fa c e s  to g e th e r  and in  no d e g re e  in f l .u e n c e  th e  e x t e n t  o f
.47.
movem ent i n  any d i r e c t i o n  n o t  a t  r i g h t  a n g le s  to  i t s  a x is .
( f i g .  6 . )  B u t s u c h  i s  n o t  w h a t o c c u rs  : f o r  th e  a c t io n  o f  th e
l ig a m e n t  may be d e te rm in e d  to  be a t  th e  m id  p o s i t i o n  o f  th e
J.J - .-1- :/V
j ( 0 in t  and in  th e  a l t e r n a t e  t ig h t e n in g  o f  th e  t^ o  p a r t s  o f  w h ic h
Kb'-
i t  i s  u s u a l l y  c  omposed I-s -e—t h a t  leach i s  a s s o c ia te d  in  i t s  a c t io n  
w i t h  th e  comrixenc em ent o f  th e  c o in c  id e n c  e o f  d e f in e d  and 
o p p o s i t e ly  d i r e c t e d  p a r t s  o f  th e  o p p o se d  a r t i c u l a r  s i r  fa c e s  and 
th e  w h o le  l ig a m e n t  i s  t ig h t e n e d  on ] y a t  th e  m oment o f  t r a n s i t i o n  
b e tw e e n  th e  two a r t i c u l a r  c o u p le s ,  t io v e m e n t i n  e i t h e r  d i r e c t i o n  
f r o m  th e  p o s i t i o n  in  w rh ich  th e  l ig a m e n t  has been t ig h t e n e d  
p ro d u c e s ,  i n  v i r t u e  o f  th e  shape o f  th e  a r t i c u l a r  s u r fa c e s ,  
a  s la c k e n in g  o f  th e  l ig a m e n t  and th e  c o m in g  i n t o  a c t io n  o f  
c o m p le m e n ta l a re a s  o f  th e  a r t i c u l a r  s u r f a c e s . The l a t e r a l  
l ig a m e n t  o f  a h in g e  j o i n t ,  t h e n ,  i s  in  a c t io n  a t  th e  m id  p o s i t i o n  
o f  th e  a r t i c u l a t i o n  and r e t a i n s  th e  c o in c id e n c e  and i n i t i a t e s  
th e  c o n g ru e n c e  o f  th e  a r t i c u l a r  e le m e n ts .  I n  a ’ b a l l  and s o c k e t ’ 
j o i n t ,  on th e  o th e r  h a n d , a m o d i f i c a t i o n  in  a t  l e a s t  one o f  th e  
l a t e r a l  l ig a m e n ts  i s  n e c e s s a ry  s in c e  m ovem ents o f  th e  j o i n t  
may o c c u r  a t  r i g h t  a n g le s  to  t h e i r  a xes  ^a n d . A i r t h e r ^ s in c e  
th e  a r t i c u l a r  s u r fa c e s  may n o t  v a r y  i n v e r s e ly  to  one a n o th e r ,  
and so o f  th e m s e lv e s  in d u c e  a t e r m in a t io n  o f  th e  m ovem ent, b u t  
ie a c m  mus t  r  en ia in ya n  a c c u r a te  c o n v e rs e  o f  i t s  com p] emen t , ,  ro
&pCcxJjCt<r0i, f \
a p o s i t i o n  o f  s t a b i l i t y ,  th e  m o d i f i c a t io n  o f
.  , '  /
th e  1 ig a n ie n t 'm ust  be s u c h  t h a t  i t  w r i l l  a c t  as a t ig h t e n in g
}  -
a r ra n g e  men t  a t  th e  c lo s e  o f  th e  mov emen t  and On f u r t h e r
;
m ovem ent in  th e  same d i r e c t i o n  be f u r t h e r  t ig h e n e d  aW. lu  ^
f u r t h e r  f o r c e  th e  a r t i c u l a r  a re a s  i n t o  c o in c id e n c e  and so
K
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a c t  as a c h e c k in g  inec lia n is m . T h is  c h e c v in g  a c t io n  o f  c a p s u la r  
l ig a m e n ts  has  c o n s t a n t ly  been d e f in e d  as th e  m a in  f a c t o r  in  
th e  p r o d u c t io n  o f  s t a b i l i t y  a t  an e n a r t h r o s is , in  v i r t u e  o f  
t h e i r  n o n -  e x t e n s i b i l i t y  b e y o n d  th e  maximum o f  m ovem ent. T h a t 
i s ,  t h a t  when th e  l ig a m e n ts  a re  f u l l y  s t r e t c h e d  th e y  o f  
th e m s e lv e s  w o u ld  h o ld  f a s t  th e  b o n e s  in  p o s i t i o n ,  in  w h a t m u s t 
be a sudden o n s e t  o f  a c t io n ,  and i r r e s p e c t i v e  a l t o g e th e r  o f  any 
p o s s ib le  d e f i n i t e  r e l a t i o n s h i p  o f  th e  j o i n t  s u r fa c e s  to  one 
a n o th e r .  We h a v e , on th e  o th e r  h a n d , p u t  fo r w a r d  th e  v ie w  t h a t  
th e  c h e e p in g  c a p s u la r  l ig a m e n ts  a re  s t r u c t u r e s  a c c e s s o ry  t o  th e  
p r o d u c t io n  o f  a 'c o n g r u i t y  o f  th e  o p p o s in g  j o i n t  s u r fa c e s ,  and 
when th e  move c e n t  i s  te r  la in  a te  d th e  jo in . t  c a n n o t b re a p  i t s  f u l l :  y 
e s ta b l is h e d  c o n g r u i t y  e x c e p t  in  a d i r e c t i o n  r e v e r s e  to  i t s  
in c e p t io n .  The s t a b i l i t y  o f  th e  j o i n t  c e r t a i n l y  depends on 
th e  p re s e n c e  o f  th e  c a p s u la r  l ig a m e n ts ,  b u t  th e s e  a re  g u id in g  
a g e n ts  in  th e  p r o d u c t io n  o f  a g ra d u a l p r o g r e s s iv e  ’ Joe p i n g ’ 
o f  t h e - j o i n t  s u r fa c e s  th e m s e lv e s  and th e n  b e in g  f u l l y  s t r e t c h e d  
and in  a c t io n  th e y  a c t  as th e  t i g h t e n in g  a r ra n g e m e n ts  o f  th e  
C o m b in a t io n  o f  th e  a r t i c u l a r  s u r fa c e s .
2 . t h e  ACTION OF THE LtCAMENTB OF THE H IP  JO IN T .
The a tta c h m e n ts  o f  th e  C a p s u le  o f  th e  
h ip  j o i n t  a re  such  t h a t  a s p i r a l  t w i s t i n g  o f  i t s  f i b r e s  ta p e s  
p la c e  in  th e  p r im a r y  m ovem ents fro m i th e  m id  p o s i t i o n  in  e i t h e r  
d i r e c t i o n ,  f i g .  7 :  so t h a t  a t  th e  c o m p le t io n  o f  e x te n s io n  th e  
c a p s u le  i s  r e l a t i v e l y  s h o r te n e d ,  and so much so t h a t  th e  head 
o f  th e  fe m u r i s  f o r c e d  t o  i t s  maximum e x te n t  w i t h in  th e  a c e ta b u lu m
49
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Scheme o f  ban d  a c t io n  a t  th e  l e f t  h ip  j o i n t  -  a r i g h t  w in d in g  
s c re w , ( a f t e r  ALBER T).
I n  t h i s  p o s i t i o n  m ovem ent i n  t h i s  d i r e c t i o n  i s  t e r m in a l^ a n d  s t a b i l ;
; i t y  i s  e n s u re d  i n  th e  a c t io n  o f  th e  c a p s u la r  c h e c k in g  arrangem ents,^ 
th e  i l i o - f e m o r a l  l ig a m e n ts .  I n  th e  r e v e r s e  d i r e c t i o n  to w a rd s  sem i­
f l e x i o n  th e  i l i o - f e m o r a l  l ig a m e n ts  become s la c k ,a n d  when th e  t h ig h
jjlSX 7
has p a sse d  so  f a r  fo rw a r d s  and  in w a rd s ,  when th e  f o o t
comes in  c o n ta c t  w i t h  th e  g ro u n d  i n  w a lk in g  th e  lig a m e n tu m  t e r e s  
and  th e  p u b o - is c h io - f e m o r a l  l ig a m e n ts  become t ig h t e n e d .  The l i g .  
t e r e s  i s  th e  i n t e r n a l  l a t e r a l  l ig a m e n t^ a n d  th e  o t h e r  ban ds  o f  th e  
c a p s u le  a re  th e  m o d i f ie d  p a r t s  o f  th e  e x t e r n a l  l a t e r a l  l ig a m e n t  o f  
th e  r e p t i l i a n  h in g e  j o i n t ,  t h e  fo rm e r  h a v in g  r e ta in e d  i t s  in c id : .
; ence o f  a c t io n  a t  m id  p o s i t i o n  w h i le  th e  l a t t e r  i s ,  i n  p a r t ,  a 
t e r m in a l  c h e c k in g  m e ch a n ism .
I n d i v i d u a l l y  th e  l ig a m e n ts  f u n c t io n a t e  as  f o l l o w s  .
A . The i l i o - f e m o r a l  l i g a m e n t s : -  The a c t io n  o f  
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reference to a diagram of MEYER'S.(Fig.8.)• The centre of g ra v :
:ity'of the whole body lies opposite the 2nd.sacral vertebra in 
the vertebral canal so that the line of body gravity ( A - A . ) , verti:
: c a l  th ro u g h  t h i s  p o i n t ,  f a l l s  b e h in d  th e  in t e r a c e t a b u la r  a x is  
( B - A . ) .  I n  th e  e r e c t  p o s i t i o n  th e r e  i s  th u s  a c o n s ta n t  te n d e n c y  
t o  r e t r o f l e x i o n  o f  th e  w h o le  p e l v i s  b u t  t h i s  i s  p r e v e n te d  b y  th e  
t i g h t e n in g  o f  th e  l a t e r a l  i l i o - f e m o r a l  l ig a m e n t  ( 1 - P . ) .  The
a c t io n  o f  th e s e  tw o  f o r c e s ,  th e  w e ig h t  o f  th e  b o d y  (A -A ) a n d  th e  
p u l l  o f  t h e . l i g a m e n t ( l - F - A . )  i s  common on th e  in t e r a c e t a b u la r  a x is  
(B -A ) and th e  r e s u l t  i s  th e  e s ta b l is h m e n t  o f  b o d y  e q u i l i b r iu m  on 
t h a t  a x is  b y  t h a t  f o r c i b l e  a n d  p o s i t i v e  c o n ta c t  b e tw e e n  th e  heads 
o f  th e  fe m o ra  a nd  t h e  a c e ta b u la  w h ic h  i s  te rm e d  c o n g ru e n c e , and 
w h ic h  i n  t h i s  in s ta n c e  i s  t e r m in a l  so t h a t  no  f u r t h e r  m ovem ent i n  
th e  d i r e c t i o n  o f  e x te n s io n  o f  t h e  fe m u r  i s  p o s s ib le .  The l ig a m e n t  
a ls o /
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a ls o  i s  t ig h t e n e d ,  t h a t  i s  th e  r e s u l t s  o f  i t s  à o t io n  a re  o b s e rv e d  as 
p r o d u c t iv e  o f  t e r m in a l  c o n g ru e n c e , i n  th e  o th e r  b od y  m ovem ents o f  th e  
a c t  o f  w a lk in g  when th e  w h o le  s u p p o r t  i s  one l im b :  n a m e ly ,  th e  te n d e n c y  
t o  th e  in w a rd  r o l l i n g  o f  th e  t r u n k  o v e r  th e  s u p p o r t in g  fe m o r a l h e a d ,
r cA.
and  th e  r o t a t i o n  b a c k w a rd s  a s  te n d s  t o  o c c u r  a t  th e  moment when th e  
s u p p o r t in g  u n i t  i s  r e q u i r e d  m o s t t o  be s t a b le .  As a p p l ie d  t o  th e  
fe m u r ,  as i t  u s u a l l y  i s ,  th e  l ig a m e n t  i s  b ro u g h t  i n t o  a c t io n  a t  th e  
c lo s e  o f  th e  m ovem ents o f  e x te n s io n ,  o f  a d d u c t io n  o f  i t s  lo w e r  e x tre m . 
: i t y ,  a nd  o f  e x t e r n a l  r o t a t i o n ;3  ah 'd th e  r e s u l t  o f  i t s  a c t io n  o f  c o u rs e
Ĉ' 7 ■ > ■ ■"
i s  as b e fo r e ,  th e  e s ta b l is h m e n t  o f  o sse o u s  j o i n t  c o n g r u e n c e n o t  b y  
d i r e c t& B #  0^  t h e  m ovem ents o f  th e  o p p o s in g  s u r fa c e s  on one a n o th e r
b u t  b y  so  f o r c i n g  th o s e  s u r fa c e s  i n t o  c lo s e r  and  c lo s e r  c o n ta c t
t h a t  th e y  e x e c u te  th o s e  m ovem ents d e p e n d e n t on th e  r e c i p r o c i t y
o f  t h e i r  c o n f i g u r a t i o n , o  
c o m p le te  c o n g ru ils ^  a W  b eyo nd  W h ich  th e  l ig a m e n t  i s  in e x t e n s ib le .
The m e d ia l i l i o - f e m o r a l  l ig a m e n t ,  l y i n g  as i t  does  in  
th e  fe m o ra l a x i s ,  i s  an  a c t i v e  a c c e s s o ry  t o  th e  fo rm e r  l ig a m e n t  i n  
' c h e c k in g ' o n ly  t h e  r e t r o f l e x i o n  o f  th e  p e l v i s , -  o r  th e  e x te n s io n  o f  
th e  fe m u r
I n  c o n c lu s io n  i t  m ay be re m a rk e d  t h a t  th e  b r e a k in g  p o in t
o f  th e s e  'c h e c k in g ' l ig a m e n ts  i s  g r e a t e r  th a n  t h a t  o f  th e  bones t o
I  w h ic h  th e y  a re  a t ta c h e d ,  so  t h a t  th e  s t a b i l i t y  o f  th e  j o i n t  i s  e n s u r ;
: ed above th e  f r a c t u r e  o f  i t s  o ss e o u s  c o m p o n e n ts .
B . The l ig a m e n tu m  t e r e s : -  The a c t io n  o f  th e  l i g .  
t e r e s  has g iv e n  r i s e  t o  m ore c o n t r o v e r s y  th a n  p e rh a p s  a n y  o th e r  
s t r u c t u r e /
s t r u c t u r e  i n  t h e  human b o d y , b u t  th e  f o l l o w in g  a r e  th e  m a in  t h e o r ie s  
w h ic h  h a ve  bee n  a d v a n c e d .
1 . A num ber o f  a u th o r s  a s c r ib e  t o  i t  no m e c h a n ic a l f u n c t io n ,  
b u t  r e g a r d  i t  o n ly  as a means on w h ic h  b lo o d  v e s s e ls  may 
be le d  t o  th e  h e a d  o f  th e  fe m u r , (HEITLE, BAPPEY: ) some em; 
:p h a s is e  th e  g r e a t e r  im p o r ta n c e  o f  t h i s  f u n c t io n  in  th e  
f o e tu s .  We c o n s id e r  t h i s  v ie w  l a t e r .
P . T h a t th e  l ig a m e n t  s e c r e te s  s y n o v ia l  f l u i d  a nd  d i s t r i b u t e s  
i t  o v e r  th e  h e a d  o f  t h e  fe m u r  b y  i t s  ru b V .in g  on th e  bone 
d u r in g  m ovem ent. I t  c a n n o t be s a id  t h a t  th e  l ig a m e n t  does 
n o t  s e e r e te  s y n o v ia  s in c e  i t  i s  in v e s te d  w i t h  s y n o v ia l  mem; 
:b ra n e ,  b u t  i t  i s  c e r t a in  t h a t  i t  p e r s i s t s  n e i t h e r  f o r  t h a t  
p u rp o s e  n o r  t o  a c t  as a s o r t  o f  'w ip in g '  o r  'd u s t e r '  mech; 
:a n is m .
3 .  S tro n g  i s o la t e d  bands o n ly  d e v e lo p s ,  and p e r s i s t ,  u n d e r  th e  
in f lu e n c e  o f  p u l l  o r  t e n s io n  f o r c e s  so t h a t  th e  l ig a m e n t  
m us t be i n  a c t io n ,  t h a t  i s  s t r e t c h e d ,  d u r in g  c e r t a in  p o s i t i o r  
o f  th e  j o i n t .  These p o s i t i o n s  h ave  bee n  d e s c r ib e d  v a r io u s ly  
a n d  i n  v a s t  d e t a i l  , (HUACPHREYS , P IC K , SAVORY,BRAUNE , STRU'THERS, 
e t c . )  b u t  p e r s i s t e n t l y  f ro m  th e  p o in t  o f  v ie w  t h a t  t h e  l i g a ;  
:m e n t a c ts  as  a ' c h e c k in g ' m e c h a n is m ,th a t  i s  t h a t  i n  i t s  
g ,o t io n  c e r t a in  m ovem ents a re  t e r m in a te d .  By d i r e c t  o b s e rv a . 
: t i o n  th e  m a jo r i t y  o f  w r i t e r s  have  d e s c r ib e d  th e  l ig a m e n t  
as  m ost s t r e t c h e d  i n  d i f f e r e n t  s e c o n d a ry  ac o m pan im en ts  o f  
th e  p o s i t i o n  o f  s e m i - f l e x io n ;  and  o f  th e s e  s e c o n d a ry  move;
; m e n ts /
5%.
m ovem ents a c o m b in a t io n  o t  ad  n o t io n  a nd  i n t e r n a l  r o t a t i o n  
(P IC K ) o r  e x t e r n a l  r o t a t i o n  (STRUTHERS) w i l l  r e n d e r  th e  l i g a ;
; m ent m o s t t e n s e .
4 . A c c o rd in g  t o  a f o u r t h  v ie w  (BARROW) th e  l ig a m e n t  i s  m os t
a c t iv e  i n  th e  f o e t u s ,  r e t a in i n g  th e  fe m o r a l h ea d  w i t h in  th e  
f la t te n e d  a c e t a b u la r  s o c k e t .  A g a in s t  t h i s  v ie w ,  h o w e v e r, 
i s  th e  f a c t  t h a t  i n  th e  p o s i t i o n  o f  th e  f o e t a l  l im b  th e  
l ig a m e n t  i s  n o t  s t r e t c h e d ,  and  a g a in ,a s  has  been p r e v io u s ly  
in d ic a t e d ,  th e  l ig a m e n t  u n d e rg o e s  p o s i t i v e  d e v e lo p m e n t a f t e r  
b i r t h .
I f  th e  l ig a m e n t  i s  t o  be a t t r i b u t e d  w i t h  a l ig a m e n to u s  f u n c t io n  i t  i s  
im p o r ta n t  t h a t  th e  e x a c t  p o s i t i o n  o f  i t s  a t ta c h m e n t  on th e  h ea d  o f  th e  
fe m u r s h o u ld  be n o te d .  I f  t h e  bone i s  p la c e d  i n  th e  p o s i t i o n  i t  
o c c u p ie s  in  e x te n s io n  o f  t h e  l im b  i t  w i l l  be n o te d  t h a t  th e  l i n e  o f  
a t ta c h m e n t i s  s i t u a t e d  o b l i q u e ly  b e tw e e n  th e  v e r t i c a l  and  th e  h o r iz o n :
; t a l , and t h a t  t h i s  l i n e  becom es p u r e ly  h o r i z o n t a l  when th e  l im b  i s  
f le x e d  t o  r a t h e r  le s s  th a n  46^^. T h a t th e  p o s i t i o n  o f  t h i s  a t ta c h m e n t  
i s  m o t w h o l ly  p o s t e r o - i n f e r i o r  h a s  a l r e a d y  been  in d ic a t e d  b y  th e  d e t a i l :  
; ed d e s c r ip t io n s  o f  QOODSIR, o f  STRUTHERS, and  o f  MEYER. ' The e x a c t  
p o s i t i o n  o f  th e  t e r e s  a t ta c h m e n t  i s  shown i n  f i g u r e  9 th e  bone b e in g
P ig .  9 .
To show th e  a t ta c h m e n t  o f  th e  l i g .  t e r e s
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th e  bone b e in g  i n  th e  e r e c t  p o s i t i o n ;  w h i le  f i g u r e  10 d e m o n s tra te s  
th e  r e l a t i v e  change o f  p o s i t i o n  ac  om p a n y in g  c e r t a in  m ovem ents o f  th e
j o i n t .
FLEXION, 
ADDUCTION EXT. ROTATION)
F ig .  1 0 .
The change o f  p o s i t i o n  o f  th e  t e r e s  a t ta c h m e n t  i n  d i f f e r e n t  m ovem ents 
o f  th e  j o i n t .  ( a f t e r  STRUTHE'RS)
The fe m o ra l a t ta c h m e n t  o f  th e  l i g .  t e r e s  i s  th u s  s i t u a t e d  a t  a d e f i n i t e  
p o s i t i o n  and i n  a d e f i n i t e  m a n n e r; i n  p o s i t i o n ,
a t  th e  o s c u la t io n  o f  th e  tw o  a re a s  o f  w h ic h  th e  h e a d  i s  r e s o lv e d  a
<̂0
com pon en t, and in  m anne r so a s  t o  a l lo w  o f  th e  f u l l e s t  d e g re e  o f  a c :
: t i v i t y  when th e s e  tw o  a c t in g  a re a s  o f  th e  h e a d  o f  th e  fe m u r  a re  in  
th e  m inim um  o f  c o n g r u i t y  w i t h  t h e  r e la t e d  p a s s iv e  a re a s  o i  t h e  a c e ta b .  
:u lu m , t h a t  i s  a t  th e  m id  p o s i t i o n  o f  th e  l im b .  And t h i s  p o s i t i o n  i s  
t h a t  w h ic h  o c c u rs  i n  w a lk in g  a t  th e  commencement o f  th e  r e c e p t io n  o f  
th e  b o d y  w e ig h t  on th e  o u t s t r e t c h e d  l im b ,  a n d  i s  a c o m b in a t io n  o i 
f l e x i o n ,  a d  a c t io n  a n d  e x t e r n a l  r o t a t i o n . The tw o  p a r t s  o i  th e  l i g .  
t e r e s /
h ! )
t e r e s ,  we b e l ie v e ,  r e p r e s e n t  t h e  t y p i c a l  f o r m a t io n  o f  th e  l a t e r a l  l i g a  
:m en t o f  a h in g e  j o i n t  and a re  r e la t e d  t o  th e  tw o  a c t in g  a re a s  o f  th e  
head o f  th e  fe m u r  a nd  o f  th e  a c /e ta b u lu m /p  and  l t $  a c t io n  i s  a t  th e  m 
p o s i t i o n  o f  th e  lim b y a n d  n o t -  f n - t h e  n a tu r e '- e l '  'c h e c k in g ' m ovem ent 
■ the«-± 'e to n t i o r r - o f  c o n ta c t ,  and  c o n g ru e n c e  in
la
e i t h e r  d i r e c t io n  b e tw e e n  t h e  o p u o s in g  s u r fa c e s  o f  th e  a r t i c u l a r  e le ;
: m e n ts .
C. The p u b o - is c h io - f e m o r a l  l ig a m e n ts ;  These l i g a :  
:m e n ts  a re  th e  p e r s i s t e n t  p a r t s  O f th e  t y p i c a l  e x t e r n a l  l a t e r a l  l i g a ;
: m ent o f  th e  h in g e  j o i n t ,  a nd  i n  t i p  m id  p o s i t i o n  o f  th e  l im b  'c h e c k ' 
th e  s e c o n d a ry  m ovem ents o%" a d A 3 i o n  and  a b d u c t io n  and  o f  r o t a t i o n  i n  
b o th  d i r e c t io n s  in  a m anne r s i m i l a r ,  o f  c o u r s e , to  th e  f u n c t io n a t i n g  
l i g .  t e r e s .  p
D. The z o n u la r  b a n d ; On a c c o u n t o f  i t s  f u s io n  w i t h  ^
i n  th e  m ovem ents o fth e  lo n g i t u d in a l  b a n d ^ t0 W -o n e  m us t f o l l o i w  
th e  fem u 2̂  «rftd ê fo te d  on b y  th e m  in  th e  s p i r a l  t w i s t i n g  o f  th e  w h o le  
c a p s u le  g ra s p s  f i r m l y  t h e  n e c k  o f  t h e  fe m u r  and f i x e s  ü  i n  c o n ta c t
A
w i t h  th e  a c e ta b u lu m  i n  th e  p o s i t i o n  o f  f u l l  e x te n s io n .
P A R T T H R E E .
THB EBMgR AND THE ACETABULUM IN RELATION TO THE HIP JOINT"
À . STRUCTURAL JlNATOMY.
1 . OENERAL m..TOMY OE THE PROXIMAL EXTREMITY OF THE FEMUR.
A.  The H e a d ;-T h e  s u p e r io r  a r t i c u l a r  c o n s t i t ;  
;u e n t  o f  th e  f e m u r , -  th e  c a p u t  f e m o r i s , -  i s  a mas : o f  c a n c e l lo u s ,  
c a r t i la g e - c o v e r e d  b o n e , and fo rm s  th e  m a le  o r  a c t iv e  e le m e n t o f  th e  
h ip  j o i n t .  i s  g e n e r a l l y  d e s c r ib e d  as  b e in g  t h a t  p a r t  o f  a p e r f
; f e e t  s p h e re  6^‘ a r a d iu s  o f  tw e n ty  f o u r  t o  tw e n ty  s ix  m.m. w h ic h  
w o u ld  be s u b te n d e d  b y  an a n g le  o f  a b o u t  The q u e s t io n  o f  i t s
e x a c t  c u r v a tu r e  i s  c o n s id e re d  l a t e r .  As re g a rd s  th e  a c t u a l  s iz e  o f  
th e  head  t h i s  depends j u s t  e x a c t ly  as t o  w he re  th e  p la n e  o f  th e  
^m easurem ent i s  p la c e d ,  f o r  as i s  shown i n  a s u b s e q u e n t s e c t io n  th e  
m a rg in  o f  th e  head  i s  n o t  o n ly  n o t  r e g u la r ,  b u t  i s  e ven  in c o n s t a n t  
in  i t s  i r r e g u l a r i t y .  As a g e n e r a l r u le  s e c t io n s  i n  a c o r o n a l p la n e  
a re  a l i t t l e  le s s  e x te n s iv e  i n  c ir c u m fe re n c e  th a n  s e c t io n s  i n  an 
a n t e r o - p o s t e r io r  p la n e ,  and  on a n  a v e ra g e  th e  r a d iu s  i s  a b o u t 24 m.m, 
i n  th e  m a le  ; b u t  a lm o s t  d ia g n o s t i c  o f  th e  sex  o f  th e  bone i s  th e  
le n g th  o f  th e  d ia m e te r  o f  th e  h e a d . The a v e ra g e  d ia m e te r  m e asu re :
; m en ts  o f  40 se xe d  b o n e s  w e re ;
M a le , . . . . 4 , 71 oms. .( 4 .6  -  S . l . c m s . )
F e m a le , . . 4 . 15 "  . ( 3 . 8  -  4 .3  " )
The d ia m e te r  o f  th e  la r g e s t  fe m a le  bone i s  th u s  s m a l le r  th a n  th e  
d ia m e te r  o f  t h e  s m a l le s t  m a le  b o n e , so t h a t  a b s o lu t e l y  and  r e la t i v e ;
: l y  th e  hea d  o f  th e  fe m u r  i s  s m a l le r  i n  th e  fe m a le  th a n  i n  th e  m a le .
68"'
T h is  i s  a lm o s t  an  a b s o lu te  r u le f ^ ^  O th e r  d e t a i l s  o l  th e  hea d  
o f  th e  fe m u r  fo rm  th e  s u b je c t s  o f  s u b s e q u e n t p a ra g ra p h s .
B . The t r o c h a n t e r s ; -  The fe m o ra l t r o c h a n t e r s  
th e  g r e a t  and  t h e  s m a l l ,  -  can be c o n s id e re d  f o r  th e  p u rp o s e s  o f  th e  
p re s e n t s tu d y  o n ly  as  b o n y  e x c re s e n c e s  o f  d i s t i n c t  e p ip h y s e a l o r i g i n  
f o r  th e  a t ta c h m e n t  o f  m u s c le s ,  a nd  im p o se d  on th e  m a in  m e c h a n ic a l 
c o lu m n ,-  th e  d ia p h y s is  o f  th e  fe m u r .  Thus i n  t r a c i n g  th e  t r a n s m is ;  
; s io n  o f  w e ig h t  f ro m  th e  h e a d  o f  th e  fe m u r  t o  i t s  lo w e r  e n d , th e  
e s s e n t ia l  s t a t i c  s t r u c t u r e  may be r e p r e s e n te d  as in  f i g . 1 1 . ( b la c k  
o u t l i n e ) .  The f u r t h e r  c o n s id e r a t io n  o f  t h i s  c o n c e p t io n  i s  r e f e r r e d
t o  th e  s e c t io n  d e a l in g  w i t h  " t h e  i n t e r ;  
; n a l  s t r u c t u r e  o f  th e  f e m u r . "
I t  i s  p o s s ib le  h o w e v e r ,a s  
i s  a l r e a d y  w e l l  k n o w n , t o  r e f e r  t o  th e  
t r o c h a n t e r  m a jo r  th o s e  m ovem ents o f  th e  
h e a d  o f  th e  fe m u r  u n d e rg o n e  on f l e x i o n  
a nd  e x te n s io n  o f  th e  l im b ,  
h ig h e s t  p o in t  o f  t h e  g r e a t  t r o c h a n t e r  
l i e s  a lm o s t  on th e  same h o r i z o n t a l  
p la n e  a s  th e  c e n t r e  p o in t  o f  th e  h e a d , 
t o  be e x a c t  u s u a l l y  a fe w  m i l l im e t e r s  
h ig h e r ,  a nd  t h i s  p o in t  o f  th e  t r o c h a n :
; t e r  can  be d e te rm in e d  w i t h  a c o n s id e r :  
; a b le  d e g re e  o f  a c c u ra c y  i n  th e  l i v i n g  p e rs o n  and  i n  th e  c a d a v e r  o w in g  
to  i t s '  s u p e r f i c i a l  p o s i t i o n .
l . V id e ,  P A R S O N S ,J o u r.A n a t.P h y s . V o l . 4 8 .p . 2 5 5 . and  V o l . 4 9 .p . 545 .
DWIG-HT. A m er. J o u r .  A n a t .  V o l .  4 , p .  1 9 .
HODGE , A sso c  .A m e r.A n a t .D e o r ,  189 7 .
DORSEY. D o s t .  Med. S u rg . J o u r .  1 8 9 7 .
V
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To show th e  t r o c h a n t e r s  as 
e p ip h y s e a l s t r u c t u r e s  on 
th e  m a in  s t a t i c  c o lu m n  o f  
th e  fe m u r.
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C. The N e c k : -  The n e c k  o f  th e  fe m u r  i s  a 
f la t t e n e d  a r c  o f  bone c o n n e c t in g  th e  h e a d  w i t h  th e  u p u e r  end o f  th e  
B h a f t ,  p a s s in g  in w a r d s ,  u p w a rd s , and  fo r w a r d s  f ro m  th e  s h a f t  a t  
a n g le s  o f  i n c l i n a t i o n  and  d e c l i n a t i o n  o f  i n d i v i d u a l l y  v a r y in g  mag: 
in i t u d e .  The f l a t t e n i n g  o f  th e  n e c k  i s  f ro m  b e fo r e  b a c k w a rd s  and i t  
i s  n a r ro w e s t a t  i t s  m id d le  p a r t , ( l )  e x p a n d in g  a t  b o th  e x t r e m i t i e s  b u t  
more so a t  i t s  o u t e r  end  w h e re  i t  becom es c o n t in u o u s  w i t h  th e  s h a f t .  
The v e r t i c a l  d ia m e te r  o f  th e  o u t e r  end d e r iv e s  i t s  in c re a s e  p a r t l y  
fro m  th e  m anne r i n  w h ic h  th e  lo w e r  b o r d e r  o f  th e  n e c k  p a s v e s  dovmwarus 
in t o  th e  in n e r  b o r d e r  o f  t h e  s h a f t ,  (A dam s' a r c h ) ,  th o u g h  i n  aa i t i c x i  
th e  w h o le  n e c k  h e re ju n d e r-g o e s  an e n la rg e m e n t i n  a l l  i t s  d im e n s io n s .
The in n e r  e x t r e m i t y  o f  th e  n e c k  i s  m ore c i r c u l a r  i n  c o n f o r m i t y  w i t h  
i t s  a t ta c h m e n t t o  th e  b ase  o f  t h e  h e a d , th e  d e m a rc a t io n  b e in g  b e s t  
d e f in e d  b y  w h a t i s  h e r e i n a f t e r  te rm e d  th e  "b a s e  l i n e  o f  t h e  head  " ,a  
l i m i t a t i o n  m ore e x a c t  th a n  t h a t  a d v a n c e d  b y  HOPFA. ( v id e  p o s t . )  The 
l a t e r a l  l i m i t a t i o n  o f  th e  n e c k  and i t s  a c t u a l  le n g t h  as  d e te rm in e d  b y  
i t s  a x is  w i t h in  i t s  l i m i t s  a r e  f u l l y  c o n s id e r e d  l a t e r .
Taken  a s  a w h o le ,  and  as seen  on h o r i z o n t a l  
s e c t io n ,  f i g .  1 2 , th e  n e c k  h a s  a s l i g h t  c u r v a tu r e  w i t h  th e  c o n v e x t iy  
f o r w a r d s , -  t h a t  i s ,  o p p o s ite  i n  d i r e c t i o n  t o  th e  c u rv e  w h ic h  i s  ro u n d  
a t  th e  ju n c t i o n  o f  th e  base  o f  t h e  n e c k  w i t h  th e  u p p e r  end  o i th e  
s h a f t .
1 .An i n t e r e s t  f a c t  has b e e n  d e te rm in e d  b y  T U R N B U L L (B .M .J .) D e e r .191 5 . 
i n  c o m p a ris o n  o f  th e  v a r i a t i o n  o f  th e  t h ic k n e s s  o f  th e  n e c k  and o f  
t h a t  o f  th e  s h a f t .  I n  s u p p o r t  o f  th e  h y p o th e s is  t h a t  th e  ra n g e  o i 
d e v ia t io n  f ro m  th e  mean v a lu e  w i l l  v a r y  d i r e c t l y  as th e  s t r a i n  p e r  
u n i t  vo lum e TURNBULL fo u n d  t h a t  t h e r e  i s  a g r e a t e r  d e v ia t io n  o f  th e  
th ic k n e s s  o f  t h e  n e c k  th a n  t h e r e  i s  o f  th e  s h a f t .  The r e s u l t s  a re  
based  on th e  m easu rem en t o f  1800 fe m o ra .
6 0 .
- Ah&TtS'OR -
P ig .  1 2 .
H o r iz o n t a l  s e c t io n  o f  th e  n e c k  and h e a d  o f  t h e  fe m u r  s h o w in g  conve x , 
: i t y  f o r w a r d s .
The a n t e r i o r  s u r fa c e  o f  th e  n e c k  e x te n d s  S
fro m  th e  base  l i n e  a n t e r i o r l y  t o  th e  e x t e r n a l  l i m i t  o f  th e  a n t e r i o r  I
i n t e r t r o c h a n t e r i c  ro u g h n e s s .  P o r  d e s c r ip t i v e  p u rp o s e s  t h i s  s u r fa c e  !
i s  h e re  d iv id e d  i n t o  tw o  p a r t s ,  an o u t e r  sm oo th  a re a  and an in n e r  j
ro u g h  a re a  s e p a ra te d  f ro m  one a n o th e r  b y  a h i t h e r t o  u n d e s c r ib e d  
r i d g e . ( f i g s , 1 5 ,1 4 .1 5 . )  T h is  r id g e  i s  c o n s ta n t  i n  p o s i t i o n  i n  a l l  
a d u l t  bones th o u g h  i t  v a r ie s  w i t h i n  w id e  l i m i t s  as re g a rd s  i t s  d e g re e  
o f  e v id e n c e . I n  d i r e c t i o n  i t  i s  t r a n s v e r s e  t o  th e  lo n g  a x is  o f  th e  
n e c k , p a r a l l e l  t o  th e  a n t e r i o r  i n t e r t r o c h a n t e r i c  l i n e  and  d i s t a n t  
fro m  t h a t  l i n e  a b o u t 1 .5  t o  2 .0  cms. I t  i s  b e s t  m a rke d  to w a rd s  th e  
u p p e r  b o rd e r  o f  t h e  n e c k ,  b e g in n in g  as a r u le  a b r u p t l y  j u s t  b e lo w  th e  
s u p e r io r  b o rd e r ,  p a s v e s  dow nw ards a n d  in w a rd s  w i t h  a c o n c a v i t y  d i r e c t ;  
.e d  upw ards a nd  in w a r d s ,  a nd  t e r m in a te s  b e lo w  b y  g r a d u a l l y  f a d in g  
away in t o  th e  g e n e r a l c o n to u r  o f  t h e  bone a b o u t h a l f  way down th e  nec^ 
I t  i s  th u s  e a r ly  t o  be i n s i s t e d  on t h a t  t h i s  r id g e  i s  n o t  m e re ly  th e  
e x te r n a l  l i m i t  o f  t h e  m e d ia l ro u g h  a r e a ,  b u t  r e p r e s e n ts  th e  i n t e r n a l  
b o u n d a ry  o f  and  b e lo n g s  t o  t h e  l a t e r a l  sm o o th  a re a .  The w h o le
e v id e n c e  o f  i t s  c a u s a t io n  d e m o n s tra te s  t h i s  f a c t .  The l a t e r a l  sm oo th  
a re a  i s  a lm o s t c o m p a ra b le  t o  th e  p u l l e y  on th e  le s  e r  s a o r o - s c ia t i c  
n o t c h /
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notch over which the tendon of the m. obtur. inter, plays at its exit 
from the pelvis; indeed in many specimens examined i n  the recent co n : 
:dition the whole formation of the superficial structure presents an  ̂
almost identical appearance. A cartilage covering was never noticed 
in t h i s  p o s i t i o n .  On t h i s  smooth a re a  th e r e  plays the s u p e r o - la t e r .  
cal p a r t  of th e  anterior c a p s u le  e s p e c ia l l y  th ic k e n e d  i n  precisely 
t h i s  p o s i t i o n  as  the m o s t m asv iv e  portion of th e  z o n u la r  band. I n  
full e x te n s io n  o f  th e  l im b  -  th e  position o f  g r e a t e s t  tension of i t s  
f i b r e s  -  t h i s  part of t h e  capsule a c ts  i n  s u ch  a spiral manner as t o  
p ro d u ce  t h i s  'c a p s u la r  g ro o v e "  and i t s  m e d ia l b o u n d a ry  th e  "capsular 
r id g e " .  An e x a m in a t io n  of a s e r ie s  o f  fresh specimens shows how 
close i s  th e  r e l a t i o n  b e tw e e n  the c a p s u la r  development and  th e  d e g re e  
of evidence o f  th e  capsular ridge and th e  marking off of the capsular 
g ro o ve . I n  yo u n g  bones no s u c h  r id g e  i s  t o  be fo u n d  n o r  f o r  t h a t  . 
m a tte r  i s  t h e r e  a n y  indication o f  an a n t e r i o r  i n t e r t r o c h a n t e r i c  l i n e ,  
I t  i s  a b o u t t h e  age o f  18 y e a rs  t h a t  th e  ro u g h n e s s  a t  the anterior 
c a p s u la r  a t ta c h m e n t  begins t o  appear: i t  is progrès:.ive i n  d e v e lo p :
: ment y e t  v a r ie s  w i t h  t h e  am ount a n d  s t r e n g t h  of the c a p s u la r  fibres. 
Only subsequent t o  t h a t  p e r io d  can  evidence of th e  c a p s u la r  r id g e  be 
found , and i t  i s  a lw a y s  b e s t  marked when th e  c a p s u le  and  i t s  a tu a c h :  
:m en t a re  well developed. BERTAUX h e ld  t h a t  th e  ro u g h n e s s  on th e  
anterior fa c e  o f  th e  femoral n e c k  was due  t o  th e  p a r t i a l  attachment 
o f  th e  fibrous capsule, a v ie w  som ewhat similar to t h a t  m ore r e c e n t .  |
: l y  advanced  b y  FRASER, who h o ld s  t h a t  th e  ro u g h n e s s  i s  due t o  r e :
: c u r r e n t  fibres from the anterior circular set of capsular fibres.
Now, /
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Now, i t  was d o g m a t ic a l ly  i n s i s t e d  on t h a t  i n  th e  r e g io n  o f  t h i s  g ro o  e 
t h e r e  i s  no r e c u r r e n c e  o f  c a p s u la r  f i b r e s  b a c k  on th e  n e c k ,  n e i t h e r  i n  
th e  fo e tu s  n o r  a t  a n y  s u b s e q u e n t p e r io u :  no m a t te r  i n t o  how many la y e r s  
th e  c a p s u le  be s p l i t  e a ch  la y e r  w h ic h  has  a fe m o r a l a t ta c h m e n t  a t  a l l
i s  f i x e d  in  th e  r e g io n  o f  th e  a n t e r i o r  i n t e r t r o c h a n t e r i c  l i n e ,  th e
r e t in a c u la  b e in g  p la c e d  i n  t h e i r  e n t i r e t y  e i t h e r  p r o x im a l ly  o r  d i s t a l ;
: l y  t o  t h i s  a r e a .  T h is  l a t e r a l  a r e a ,  th e n ,  d e v o id  o f  v a s c u la r  l  oram .
; in a  is  a p u l l e y  on w h ic h  t h e r e  p la y s  th e  u p p e r  and  o u te r  p a r t  o f  th e
a n t e r io r  c a p s u le ,  and  c o n ta c t  i s  c lo s e s t  when th e  l im b  i s  i n  f u l l  ex .
: t e n s io n .  These f a c t s  a re  made c l e a r l y  e v id e n t  i f  th e  f i n g e r  be p la c ;
; ed on th e  g ro o v e  th r o u g h  a s l i t  i n  th e  c o m p le te  c a p s u le  and th e  l im b  
s lo w ly  e x te n d e d  f ro m  th e  p o s i t i o n  o f  f l e x i o n .
F o r  t h e  fu l.L  a p p r e c ia t io n  o f  th e  m e d ia l ro u g h  
a re a  o f  th e  a n t e r i o r  s u r fa c e  o f  th e  fe m o ra l n e c k  r e fe r e n c e  m us t be 
d e fe r re d  t i l l  th e  c o n s id e r a t io n  o f  " th e  c a r t i l a g in o u s  m a rg in  o f  th e  
head  o f  th e  f e m u r ' .
The w h o le  a n t e r i o r  s u r fa c e  o f  th e  n e c k  i s  p e r ;
: f o r a te d  b y  num erous  v a s c u la r  o p e n in g s  s i t u a t e d  f o r  m ost p a r t  n e a r  t o  
th e  base o f  th e  h e a d  i n  a s u p e r io r  and i n f e r i o r  g r o u p , fe w e r  i n  num;
: b e r  to w a rd s  th e  a n t e r i o r  i n t e r t r o c h a n t e r i c  l i n e  b u t  c o m p le te ly  ab :
: s e n t  i n  th e  c a p s u la r  g ro o v e .
The p o s t e r i o r  s u r fa c e  o f  th e  n e c k  i s  o v e r  a l l  
as sm ooth  as th e  l a t e r a l  p a r t  o f  th e  a n t e r i o r  s u r fa c e  and  i s  b ro a d e r  
and m ore c o n c a v e . As m e a su re d  f r o m  t h e  base  l i n e  o f  th e  head  t o  th e  
p o s t e r i o r  i n t e r t r o c h a n t e r i c  r id g e  i t  i s  lo n g e r ,  on an a v e ra g e  a b o u t 
1 .2  cms .J th a n  th e  a n t e r i o r  s u r fa c e .  P a s s in g  a lm o s t  t r a n s v e r s e ly  
a c ro s s /
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a c ro s s  i t  t h e r e  can  be d is t in g u is h e d  a b ro a d  g ro o v e  w h ic h  lo d g e s  th e  
te n d o n  o r  th e  m . o b t u r . e x t e r .  The c a p s u la r  a t ta c h m e n ts  ha  e been  con : 
; s id e r e u  and ir o m  t h a t  s tu u y  t h e r e  i s  n o t h in g  t o  be d ed uced  fro m  th e
m anner o f  . th e  a r  angem en t o f  th e  c a p s u le  f i b r e s  t o  a c c o u n t f o r  th e
absence o f  a r id g e  a t  th e  p o s t e r i o r  c a p s u le  i n s e r t i o n .  The o n ly
d i f f e r e n c e s  b e tw e e n  th e  a n t e r i o r  and  th e  p o s t e r i o r  s e ts  o f  f i b r e s  a re  
in  th e  g r e a t e r  s t r e n g t h  a n d  th e  g r e a t e r  am oun t o f  p u l l  e x e r c is e d  b y  
th e  a n t e r i o r  s e t .  I n  s u p p o r t  o f  t h i s  q u a n t i t a t i v e  as opp osed  t o  any  
q u a l i t a t i v e  c a u s a t iv e  f a c t o r ,  s u c h  as has  been a d v a n c e d , t h e r e  may be 
c i t e d  th e  f a c t s  a l r e a d y  g iv e n  a s  t o  th e  o n to g e n y  o f  th e  a n t e r i o r
ro u g h n e ss  and  in  ad  i t i o n  i t s  a b se n ce  i n  th o s e  m am m alia  i n  w h ic h  th e r e
i s  an  absence  o f  th e  a n t e r i o r  l ig a m e n ts  a n d  th e  p re s e n c e  o f  a ro u g h n e ss  
p o s t e r o - s u p e r io r l y  a t  th e  i n s e r t i o n  o f  th e  a c t i v e  c a p s u la r  l ig a m e n ts  
when th e s e  a re  on th e  d o r s a l  a s p e c t  o f  th e  c a p s u le .
I  The p o s t e r i o r  s u r fa c e  i s  a ls o  p e r f o r a t e d  b y  num erous
j: v a s c u la r  fo ra m in a ,  and a g a in  th e s e  a re  m o s t num erous  to w a rd s  th e  m a rg in
V o f  th e  head a t  i t s  u p p e r  and  lo w e r  p a r t s .
i  ^ ' THE CARTILAGINOUS MARGIN OF THE HEAD OF THE FEWUR.
V; The a r t i c u l a r  m a rg in  o f  th e  h ea d  o f  t h e  fe m u r  i s  un :
p a d u la t in g ;  i n  a r e g u la r  and  c o n s ta n t  m anne r a s  re g a rd s  th e  in c id e n c e  
I  o f  th e  causes o f  th e  u n e v e n n e s s  th o u g h  in  d e g re e  v a r i a t i o n  does o c c u r  
^  t o  a c o n s id e r a b le  e x t e n t .  The u n d u la t io n s  a re  e x c u r s io n s  o u tw a rd s  o f  
0  th e  a r t i c u l a r  c a r t i l a g e  and  b e tw e e n  th e s e  r e c e s s io n s  in w a r d s ,o r  m ore 
gj: c o r r e c t l y ,  r e c e s s io n s  w h e re  th e  e x te n s io n  o f  th e  c a r t i l a g e  to w a rd s  and 
f  O ver th e  n e c k  i s  m ore l i m i t e d  i n  e x t e n t .  The m o s t m a rke d  in w a rd  con :
: c a v i t y /
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c o n c a i t y  o i  th e  a r t i c u l a r  m a rg in  i s  p la c e d , o p p o s ite  th e  g r e a t  t r o c h a n  
; t e r  to w a rd s  i t s  p o s t e r i o r  p a r t ,  and  b o u n d in g  t h i s  conca  i t y  a re  tw o  
o u tw a rd  e m in e n ce s  one to w a rd s  th e  b a c k  and  one to w a rd s  th e  i r o n t  o.i 
th e  n e c r o i  th e  e m u r . Oi th e s e  th e  p o s t e r i o r  i s  m ore lo c a l i s e d  anu 
a n g u la r  th a n  th e  a n t e r i o r  a nd  i n  s iz e  i s  much th e  m ore c o n s ta n t :  . fo r  
a series o i  fe m o ra  may be fo u n d ,  even  among E u ro p e a n  ra c e s ,  i n  v fh ic h  
th e  a n t e r io r  o f  th e s e  e x c u r s io n s  i s  c o n t in u e d  f o r  some c o n s id e r a b le  
d is ta n c e  o v e r  th e  n e c k  o f  th e  fe m u r .  T h is  v a r i a t i o n  was d e s c r ib e d  by  
HENKE b u t  no s p e c ia l  s ig n i f i c a n c e  was a t ta c h e d  t o  i t ;  P ICK d e s c r ib e s
i t  as ’ th e  e m m e n e n tia  a r t i c u l a r i s  c o l l i  f e m o r i s ' ;  CHAREES w r i t i n g  on
t h i s  same s t r u c t u r e  f ro m  a s tu d y  o f  H in d u  bones a t t r i b u t e s  th e  c o n d i:  
: t i o n  t o  an  a d a p t iv e  v a r i a t i o n  d e p e n d e n t on c o n t in u o u s  o v e r f le x io : .  o i 
th e  j o i n t  s u c h  as o c c u rs  i n  th e  ’ s q u a t t in g '  p o s i t i o n .  He c la im e d  th e  
c o n d it io n  as e s s e n t i a l l y  A s i a t i c ,  and  d e s c r ib e d  th e  E u ro p e a n  fe m u r  as 
h a v in g  an even  a r t i c u l a r  m a rg in  when lo o k e d  a t  f ro m  a b o v e . N e i t h e r  
o f  th e s e  c o n c lu s io n s  can be h e ld  as  c o r r e c t :  In d e e d ,P a RSONE h a s  been
a b le  t o  f i n d  e v id e n c e s  o f  m a rke d  u n e ve n n e ss  in  o v e r  6 0 ^  o f  E n g l is h  
femora. POIRIER a n d  CHAPPY i n  d is c u s s in g  t h i s  s t r u c t u r e  p o in t  o u t  
t h a t  th e  head  i s  c o n t in u e d  down on t o  th e  n e c k  a n t e r i o r l y  and  p o s t e r :  
: i o r l y ,  w h i le  on th e  a n t e r i o r  fa c e  o f  th e  n e c k  t h e r e  i s  a ro u g h  im :
: p r e s s io n , ' d ’ e m p re in te  i l i a q u e ’ , w h ic h  i s  o c c a s io n ly  p r e s e n t  as a 
c o n t in u a t io n  o f  th e  a r t i c u l a r  c a r t i l a g e  o f  th e  h e a d . These a u th o r s  
e x p la in  th e  c o n d i t io n  ( th e  ro u g h e n e d  s u r fa c e )  as  b e in g  due t o  th e  con. 
: t a c t  o f  th e  n e c k  o f  th e  fe m u r  w i t h  th e  s u p e r io r  p a r t  o i  th e  a c e ta b .
: u la r  m a rg in  i n  th e  p o s i t i o n  o f  e x tre m e  f l e x i o n :  b u t ,  as  PICK has
p o in te d  o u t ,  c o n s id e r a b le  a b d u c t io n  co m b in e d  w i t h  i n t e r n a l  r o t a t i o n  
w o u ld  be n e c e s s a ry  b e fo r e  t h i s  c o n ta c t  c o u ld  ta k e  p la c e ,a n d  rARvOkn 
f i g u r e s /
f i g u r e s  e m p h a s ise  th e  in c o n g r u i t y  o f  th e  c o r r e la t i o n  when h e e d  i s  ta k e n
o f  th e  u n n a tu r a ln e s s  o f  t h e  r e q u i r e d  p o s i t i o n .
The m e d ia l a re a  o f  th e  fe m o r a l n e c k  may he fo u n d  t o  
e x i s t  i n  t h r e e  d i f f e r e n t  s t r u c t u r a l  c o n d i t io n s ,  ro u g h  i n  a b o u t 70^^ 
a lm o s t sm oo th  in .  a b o u t 2 0 ^ ,  and  i n  th e  r e m a in in g  1 0 ^  m ore o r  le s s  c a r .  
: t i l a g e  c o v e re d .  W h ile  th e  a n t e r i o r  c a r t i l a g e  e x c u r s io n  th u s  v a r ie s  
to  a c o n s id e r a b le  d e g re e  y e t  i t s  l a t e r a l  m a rg in  w i l l  n e v e r  be fo u n d  be ; 
;yo n d  t h a t  d e f i n i t e l y  m a rke d  r id g e  on th e  n e c k  o f  th e  f e m u r , p r e v io u s ly  
te rm e d  th e  c a p s u la r  r id g e .  E ven  i n  a d v a n c e d  ca se s  o f  rh e u m a to id  
a r t h r i t i s  th o u g h  th e  m a r g in a l b o n y  o u tg ro w th s  may b r id g e  o v e r  th e  cap ;
; s u la r  g ro o v e  so a s  a lm o s t  t o  c o n v e r t  t h a t  g ro o v e  i n t o  a c a n a l y e t  th e  
a t ta c h e d  base  o f  th e  o s te o p h y te  does  n o t  e x te n d  on th e  n e c k  l a t e r a l  t o  
th e  c a p s u la r  r id g e .  Now, on c lo s e r  e x a m in a t io n  o f  t h i s  e x c u r s io n  in  
i t s  ex tre m e  d e g re e  i t  i s  c le a r  t h a t  th e  c a r t i l a g e  i s  n o t  i n  p h y s io lo g :
; i c a l  c o n t in u i t y  w i t h  th e  a r t i c u l a r  s u r fa c e  f ro m  w h ic h  i t  s p r in g s , b e in g  
c u rv e d  in  one d i r e c t i o n  o n ly ,  a n t e r o - p o s t e r i o r l y , b u t  p e r f e c t l y  f l a t  i n  
th e  la te r o - m e d ia l  p la n e .  I n  ad  d t i o n  t o  t h i s  f a c t , w e  have  n e v e r  
been a b le  to  f i n d  an a b s o lu t e l y  sm oo th  s u r fa c e  on one o f  th e s e  e x tre m e  
e x c u rs io n s .  T hey  h a v e  n e v e r  p r e s e n te d  th e m s e lv e s  i n  th e  yo u n g  s u b je c t ,  
and a lw a y s , i n  t h i s  s e r ie s ,  th e y  have  been  a s s o c ia te d  w i t h  s t r o n g  b o n y  
lig a m e n to u s  m a rk in g s  a nd  w i t h  p o w e r fu l  c a p s u la r  b a n d s . F u r t h e r  i n  no 
p o s s ib le  n a t u r a l  p o s i t i o n  i n  a n y  o f  t h e  j o i n t s  c o u ld  t h i s  e x c u r s io n , in  
9-ny o f  th e  s p e c im e n s  i n  w h ic h  i t  was p r e s e n t ,  be made t o  e n t e r  th e  a c ;
; e ta b u la r  c a v i t y ;  i n  o th e r  w o r d s , when th e  a n t e r i o r  e x c u r s io n  o i th e  
c a r t i l a g e  f r o m  th e  h e a d  o v e r  t h e  n e c k  i s  p r e s e n t  t o  an e x tre m e  d e g re e  
th e  l a t e r a l  p a r t  o f  t h a t  e x c u r s io n  i s  n e v e r  i n t r a - a r t i c u l a r  i n  th e  
s e n s e /
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sense  o f  l y i n g  w i t h i n  th e  a o e ta b n lu m . I t  m ust t h e r e f o r e  be c o n c lu d e d -  
t h a t  t h i s  c o n d i t io n  i s  s im p ly  a a r i a t i o n  o f  th e  m ore com m only fo u n d  
ro u g h n e s s , w h ic h ,  as  a l r e a d y  in d ic a t e d ,  i s  p la c e d  m e d ia l t o  th e  c a p s u la r  
r i d g e .
I n  c o n s id e r in g  w h a t th e  cause  o f  t h i s  ro u g h n e s s  may be, 
i t  i s  n e c e s s a ry  f i r s t  t o  d e f in e  th e  u s u a l r e la t i o n s h i p  o f  th e  te n d o n  o f  
th e  m. i l i o - p s o a s  t o  th e  p r o x im a l e x t r e m i t y  o f  th e  fe m u r ,  and  e s p e c ia l ly  
in  th e  p o s i t i o n  o f  f u l l  e x p e n s io n ,  ( f i g . 1 6 . )  The te n d o n  o f  th e  m.
p s o a s  i s  m e d ia l t o  t h e  v e r t i ;
/ Î
; c a l  l im b  o f  th e  i l i o - f e m o r ;
; a l  band a b o -e .s o  t h a t  when 
th e  b u rs a  u n d e r  t h a t  te n d o n  
c o m m u n ic a te s  w i t h  th e  cavity 
o f  th e  h ip  j o i n t  i t  does so 
m e d ia l t o  t h a t  l ig a m e n t  and  
e x p o s e s  th e  l a t e r a l  p a r t  o f  
th e  a n t e r i o r  c a r t i l a g e  o f  
th e  h e a d  o f  th e  fe m u r .  The 
i l i a c u s  m u s c le , l a t e r a l l y  
p l a c e d , l i e s  much m ore on 
t h e  fe m o r a l n e c k  o v e r  th e  
v e r t i c a l  l im b  o f  th e  i l i o ­
f e m o r a l l ig a m e n t ,  b u t  i t  
w i l l  be- n o te d  t h a t  th e  d i r e c t i o n  o f  th e  c o n c a v i t y  o f  th e  co m b in e d  mass 
i s  upw ards  and  o u tw a rd s .  Thus a n y  a c t io n  w h ic h  th e  i l i o - p s o a s  may 




To show th e  u s u a l r e la t i o n s h i p  o f  th e  
i l io - p s o a s  mass t o  th e  p r o x im a l  e x tre m : 
; i t y  o f  th e  fe m u r .
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I-
% o n ly  be o o n fin e c i t o  th e  lo w e r  p a r t  o f  th e  fe m o ra l n e c k ,  b u t  t h e r e  o n ly  
a f t e r  a c t in g  th r o u g h  a s t r u c t u r e  m ore p o w e r fu l  anu  o f  g r e a t e r  e x te n t
■; th a n  i t s e l f ,  th e  m e d ia l p a r t  o f  th e  i l i o - f e m o r a l  l ig a m e n t .  The i l i o -
i, p s o a s , t h e r e f o r e ,  can o t  be h e ld  r e s p o n s ib le  f o r  th e  m a rk in g  i n  m es :
I : t i o n .  I t  i s  a ls o  c le a r  f ro m  i t s  e x te n t  t h a t  t h i s  m e d ia l ro u g h  a re a ,
I o t  i t s  v a r i a t i o n s ,  does n o t  r e s u l t  f ro m  b on y  c o n ta c t  w i t h  th e  m a rg in
t
o f  th e  a c e ta b u lu m ; and  th e  c o n c lu s io n  seems j u s t i f i a b l e  t h a t  th e  s t r u c t  
- :u ra l c o n d i t io n  o f  th e  w h o le  a re a  r e p r e s e n ts  th e  am ount o f  c o n ta c t  o f  
; t h i s  p o r t io n  o f  th e  n e c k  o f  th e  fe m u r  w i t h  th e  - e r t i c a l  l im b  o f  th e
I i l i o - f e m o r a l  l ig a m e n t  i n  th e  p o s i t i o n  o f  c o m p le te  e x te n s io n ,
i I n  ad. . i t i o n  t o  th e  tw o  o u tw a rd  em ine nces  o f  th e  a r t i :
: : c u la r  c a r t i l a g e  a l r e a d y  in d ic a t e d  t h e r e  was d e s c r ib e d  b y  GOODBTR a
t h i r d ,  s i t u a t e d  i n  th e  i n f e r i o r  s h a l lo w e r  c o n c a v i t y  a t  th e  in t e r s e c t io n
Ir  o f  th e  r id g e  p r o lo n g e d  f ro m  th e  le s s e r  t r o c h a n t e r  w i t h  th e  a r t i c u l a r
m a rg in  o f  th e  h e a d . I n  t h i s  s e r ie s  a l i t t l e  a n t e r i o r  t o  th e  abo e de;
; f in e d  p o s i t i o n  a v e r y  s l i g h t  o u tw a rd  p r o je c t i o n  was fo u n d  i n  le s s  
th a n  1 0 ^  o f  200 bon es  e xa m in e d  on t h i s  p a r t i c u l a r  p o i n t , - a  f r e q u e n c y  
n o t  g r e a te r  th a n  t h a t  o f  a s m a ll  o u tw a rd  e m ine nce  i n  th e  m id d le  o f  th e  
s u p e r io r  c o n c a v i t y .
S WA08TAFF was th e  f i r s t , w e  b e l i e v e , t o  d e s c r ib e  th e
o u t l i n e  o f  th e  h ea d  a s  b e in g  s in u o u s  o r  i n  c u rv e s  and  t o  c o in c id e  
I th e s e  e x c u r s io n s  o f  th e  c a r t i l a g e  t o  th e  l i m i t s  o f  th e  a c e ta b u la r  m ar;
I : g in  i n  d i f f e r i n g  p o s i t i o n s  o f  th e  fe m u r .  He d e t a i le d  t h r e e  such
c u rv e s  ( f i g ,  1 7 . )  a nd  r e la t e d  th e m  t o  th e  l i m i t s  o f  movem ent as f o l -  
r : lo w s : -
I 1 . Interiorly, -  l i m i t  o f  a d d u c t io n .
2 , P o s t e r i o r l y /
P o s t e r i o r l y  -  l i m i t  o f  e x t .  r o t a t i o n .  
. A n t e r i o r l y ,  -  " " i n t .  r o t a t i o n .
69
F i g . 1 7 . ( a f t e r
We w ou ld  r a t h e r  s a y ,  h o w e v e r ,  t h a t  f ro m  i t s  a r t i c u l a r  m a rg in  th e  h ea d  
o f  the  fe m u r may be a i - id e a  i n t o  tw o  a r e a s ,  a n t e r i o r  and  p o s t e r io r  
when th e  bone i s  h e ld  e r e c t , and  t h a t  e a ch  p o s s e s s e s  a p r o lo n g a t io n  o f  
th e  a r t i c u l a r  c a r t i l a g e  dow nw ards o v e r  th e  n e c k .
I n  t r a c i n g  th e  o n to g e n e t ic  changes w h ic h  o c c u r  in  
the  o u t l in e  o f  th e  a r t i c u l a r  m a rg in  i t  i s  t o  be n o te d  t h a t  even  i n  a 
fo e tu s  o f  5 m o n th s  i t  i s  p o s s ib le  t o  d e te rm in e  a n t e r i o r  and  p o s t e r i o r  
c a r t i la g e  e x c u r s io n s ,  th o u g h ^ d e v e lo p e d  no,th i& ig  l i k e  th e  same e x te n t  
as i n  th e  a d u l t . The m a rg in  i s  th u s  much m ore even  and c i r c u l a r  th a n  
a t  l a t e r  p e r io d s .  F rom  th e  b e g in n in g  th e  c a r t i l a g e  m ust be h e ld  t o  
g row , n o t  o n ly  i n  th e  r e l a t i v e  sense  b u t  a ls o  a b s o lu t e ly  down o . e r  
th e  n e c k  o f  th e  fe m u r ,  p r o d u c in g  th e  i r r e g u l a r i t i e s  o f  o u t l i n e  and 
as i s  in d ic a t e d  l a t e r ,  b r in g in g  th e  d ia p h y s e a l n e c k  i n t o  th e  fo r m a t io n  
o f  th e  c e n t r a l  c o re  o f  th e  a r t i c u l a r  h e a d . I n  t h i s  c o n n e c t io n  i t  may 
be e m p h a s ise d  t h a t  an  u n e v e n  a r t i c u l a r  m a rg in  s h o u ld  be ta k e n  as e s s e n  
: t i a l l y /
7 0 .
essentially a human characteristic contrasting strongly with th e  
even articular m a rg in  o f  th e  anthropoid a p e s .
Two other markings at the margin of the heau of the 
bone are constant in the series of femora we have examined. First, 
on th e  inferior w a l l  o f  th e  anterior c a r t i l a g in o u s  excursion t h e r e  
is an oval area o f  fairly sm o o th  roughly p o l is h e d  bone, a b u t t in g  
a g a in s t  th e  m a rg in  o f  th e  head b u t  belonging to th e  n e c k ,  never o a r t i ;  
: la g e  covered y e t  s h a r p ly  demarcated from th e  s u r ro u n d in g  bone ana 
d i f f e r e n t i a t e d  b y  th e  a b s e n c e  o f  vascular f o ra m in a .  T h is  m a rk in g  i s  
p ro d u ce d  b y  b o n y  c o n ta c t  w i t h  th e  m a rg in  o f  th e  a c e ta b u lu m . I t  i s  
i n t r a - s y n o v ia l  i n  p o s i t i o n ,  -  t h a t  i s ,  th e  s y n o v ia l  membrane cease s  
a t  i t s  l a t e r a l  b o r d e r .  C o n ta c t  ta k e s  p la c e  b e tw e e n  t h i s  portion of 
th e  neck and t h e  articular margin a t  t h e  anterior part of ' t h e  pubic 
p ro tu b e ra n c e  o f  th e  a c e t a b u la r  r im '  i n  th e  p o s i t i o n  o f  c o m p le te  e x t  en: 
; S ion . I n  t h i s  p o s i t i o n  e x te n s io n  i s  combined with a certain d e g re e  
o f  e x te r n a l  r o t a t i o n  which ta k e s  p la c e  primarily t o  a l lo w  th e  m ost 
Complete r e c e p t io n  of th e  head o f  th e  fe m u r  within th e  acetabulum, 
and to  produce s e c o n d a r i l y  th e  lo o k in g  of th e  k n e e  j o i n t .  Alien th e  
femur i s  th u s  e x te n d e d  and  r o t a t e d  th e  a n t e r i o r  e x c u r s io n  o f  th e  a r ;
; t i c u l a r  c a r t i l a g e  o f  th e  head i s  i n  firm contact w i t h  th e  lo w e r  p a r t  
o f  th e  i l i a c  a re a  and  w i t h  th e  p u b ic  a re a  of t h e  a c e ta b u lu m ,w h i le  th e  
im p r in t  d e s c r ib e d  i s  f o r c e d  t o  r e s t  on th e  l a t t e r  a re a  a t  i t s  m a rg in ;
: a l  p a r t .  I t  i s  t h e r e f o r e  p ro p o s e d  t h a t  t h i s  '.facet o f  r e s t , ’ o r ,  
'p r e s s u r e  f a c e t '  , s h o u ld  be te rm e d  th e  " 'p u b ic  im p r in t " .  I n  e x te n t  
th e  p u b ic  im p r in t  varies a goo d  d e a l , b u t  a w e l l  m arked  bone w o u la  
show i t  as  a b o u t 1 ,5  cms. lo n g ,  a b o u t .8  cms. a t  i t s  b ro a d e s t  p a r t ,  
o f  o v a l fo rm  b u t  t a p e r in g  away i n t e r i o r l y ,  an  in c id e n c e  i n  c o n fo r m i ty  
w i t h  i t s  in c id e n c e  o f  a c t io n .  A t  tw e lv e  y e a rs  t h i s  m a rk in g  i s  p e r .
: f e c t l y /
V I  .
p e r f e c t l y  d i s t i n c t ,  th o u g h  i t  i s  r e l a t i v e l y  s m a l le r  th a n  i n  th e  a c u l t :  
tm t p r e - io u s ly  t o  t h i s  p e r io d  i t  c a n n o t be d e te rm in e d  w i t h  a n y  o e g re e  
o f  ac u r a c y ,  and i s  c e r t a i n l y  a b s e n t up t i l l  th e  s i x t h  y e a r ,  ü e co n u , 
t t #  e x c u r s io n  o / e r  th e  p o s t e r i o r  p a r t  o f  th e  n e c k  i s ,  as  p r e v io u s ly  
s ta te d ,  m ore c o n s ta n t  i n  s iz e  th a n  th e  a n t e r i o r  e x c u r s io n .  I t  i s  w h o l ly  
a c e ta b u la r  i n  p o s i t i o n  w hen th e  l im b  i s  c o m p le te ly  e x te n d e d ,o c c u p y in g  
in  t h a t  p o s i t i o n  th e  ' i s c h i a l  p r o j e c t i o n '  o f  th e  a c e ta b u lu m . By i t s  
up ce r b o rd e r  i t  bou n d s  th e  s u p e r io r  c o n c a v i t y  p o s t e r i o r l y ,  and  th e  
bone l y i n g  l a t e r a l  t o  t h i s  b o u n d a ry  c o r re s p o n d s  i n  s t r u c t u r e  t o  th e  
p u b ic  i m p r i n t . Thus i t  i s  p ro p o s e d  t o  d e s c r ib e  a n o th e r  'p r e s s u r e  
f a c e t '  on th e  fe m o r a l n e c k ,  c o n s ta n t  i n  p o s i t i o n  a n d , th o u g h  n r y in g  
a l i t r l e  i n  s iz e ,  o f  d im e n s io n s  on th e  a v e ra g e  v e r y  c o m p a ra b le  t o  th o s e  
o f  th e  p u b ic  im p r in t .  T h is  f a c e t , d i f f e r e n t i a t e d  b y  s im i l a r  s t r u c t u r :
; a l  c h a r a c t e r i s t i c s ,  i s  p ro d u c e d  i n  l i k e  m anner t o  th e  p u b ic  im p r in t -  
t h a t  i s ,  b y  c o n ta c t  w i t h  th e  a c e t a b u la r  m a r g in . I t  i s  p r o b a b ly  d i f f e r :  
x n d d a te d  a t  a  l a t e r  p e r io d  o f  l i f e .  I n  r e s p e c t  t h a t  c o n ta c t  ta k e s  
p la ce  w i t h  th e  i s c h i a l  p a r t  o f  th e  a c e ta b u la r  r im  th e  f a c e t  may be 
term ed th e  ' i s c h i a l  i m p r i n t ' .  These tw o  f a c e t s , p u b ic  and i s c h i a l , r e :  
:p r 'e s e n te d  i n  f i g s . 18 and  1 9 ,a re  m o s t e v id e n t  i n  th e  r e c e n t  s p e c im e n ;
P ig .  1 8 . 
P r o x im a l end o f  fe m u r  
v ie w e d  fro m  th e  a n te r o ­
l a t e r a l  a s p e c t , s h o w in g  
i n f e r i o r  t o  th e  a n t e r i o r  
c a r t i l a g e  e x c u r s io n  th e  
'p u b ic  i m p r i n t ’ .P ounded 
on  an e x a m in a t io n  o;V o e r  
300  b o n e s , The a n t e r i o r  
c a r t i l a g e  e x c u r s io n  i s  
r e p r e s e n te d  in  i t s  n o rm a l 
a m o u n t.
7 : .
and i t  i s  im p o r ta n t  t o  n o te  t h a t  i n  s i t u a t i o n  th e y  a re  n o t  on th e  
e p ip h y s is  o i  th e  h e a d  b u t  on th e  d ia p h y s is  o f  th e  s h a f t ,  so t h a t  oon. 
: t a c t  a t  th e s e  p o in t s  w i l l  n o t  i n  a n y  way b r in g  a b n o rm a l s t r a i n  t o  
b e a r on th e  e p ip h y s e a l p la t e  w h i le  t h a t  i s  s t i l l  c a r t i l a g in o u s .
P i g . 1 9 .
P ro x im a l end  o f  fe m u r  f r o m  p o s t e r i o r  a s p e c t  s h o w in g  th e  
' i s c h i a l  i m p r i n t ’ . F ounded  on an e x a m in a t io n  o f  o v e r  300 
bon es .
3 . THE EP IPH YSIS  OF THE HEAD.OF THE FEMUR.
So f a r  as th e  w r i t e r  i s  aw are  th e r e  i s  on 
re c o rd  no d e t a i l e d  d e s c r ip t i o n  o f  th e  e p ip h y s is  o f  th e  head  o f  th e  
fe m u r , -  t h a t  s e p a ra te  c e n t r e  o f  o s s i f i c a t i o n  i n  th e  c o n t i n u i t y  o f  th e  
c a r t i la g in o u s  ' A n la g e  ' , -  a p a r t  f ro m  th e  u s u a l s ta te m e n t  t h a t  th e  m ar;
; g in  o f  th e  a r t i c u l a r  c a r t i l a g e  o f  th e  h e a d  r e p r e s e n ts  th e  p o s i t i o n  o i 
th e  e p ip h y s e a l c a r t i l a g e .
A t  b i r t h ,  as  i s  w e l l  know n , th e  fe m u r  i s  os ; 
ô s i f y in g  i n  i t s  d ia p h y s e a l p o r t i o n ,  th e  lo w e r  e p ip h y s e a l c e n t r e  i s  
u s u a l l y /
7:3.
u s u a l l y  p r e s e n t ,  b u t  th e  w h o le  o f  th e  u p p e r  e x t r e m i t y  o f  th e  fe m u r  is  
as y e t  one u n a i / ia e a  mass o f  c a r t i l a g e ,  -  th e  t r i - e p ip h y s e a l  c a r t i -  
;a g e . ( f i g . 2 0 ) .  I n  t h i s  u p p e r  c a r t i l a g e  a p p e a r  o s s i f i c  c e n t r e s , f o r
th e  hea d  to w a rd s  th e  end o f  th e  
f i r s t  y e a r ,  and  s u b s e q u e n t ly  l o r  
t h e  t r o c h a n t e r s .  I n  th e  c o n s iu e r ;  
; a t i o n  o f  t h a t  c e n t r e  w h ic h  os ; 
; s i f i e s  as  th e  a r t i c u l a r  p o r t io n  
o f  th e  h ea d  o f  th e  fe m u r ,  t h e r e  
w i l l  f a l l  f o r  s tu d y  th e  shape 
a n d  change o f  shape o f  th e  
e p ip h y s is ,  th e  p o s i t i o n  and th e  
change  o f  p o s i t i o n  o f  th e  e p ip h y ;
; s e a l c a r t i l a g e ,  th e  e f f e c t s  o f  th e s e  changes i n  a d d i t io n  t o  t h e i r  
c a u s a t io n ,  a nd  s u b s e q u e n t ly  o f  t h i s  e s p e c ia l  e p ip h y s is  th e  b lo o d  
s u p p ly  w i l l  be d e t a i l e d .
The o s s i f i c  c e n t r e  f o r  th e  h e a d , o f t e n  s u r -  
: rounded  b y  a num be r o f  s m a ll  o sse o u s  g r a n u le s ,  a p p e a rs  th e n  a . l i t t l e  
e a r l i e r  o r  a l i t t l e  l a t e r  to w a rd s  th e  end o f  th e  f i r s t  ye a ^^A n d  th e  
p o s i t i o n  o f  i t s  e a r l i e s t  o c c u r re n c e  i s  above and  m e d ia l t o  th e  c e n tre  
p o in t  o f  th e  w h o le  h e a d . ( F ig . 2 1 . )  A f t e r  th e  a p p e a ra n c e  o f  t h i s  o s ;
; s i f i c  c e n t r e ^ th e  h e a d ^  y e t  m a in ly  c a r t i l a g in o u s ,  i s  c o n n e c te d
w i t h  th e  g r e a t  t r o c h a n t e r  b y  a t h i c k  mass o f  e p ip h y s e a l c a r t i l a g e ;  
b u t  a f t e r  d i f f e r e n t i a t i o n  o f  th e  t r o c h a n t e r  a s /a  s e p a ra te  o s s i i i c a ;  
; 1 : io i i /
F i g . 2 0 .
The p r o x im a l e x t r e m i t y  o f  th e  
f  em ur, a t  b i  r t h .
l . T h i s  c e n t r e  may a p p e a r  a t  th e  1 0 th .m o n th  o r  may be a b s e n t a t  th e  
1 3 th .  m o n th .
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ossification th e s e  tw o  e p ip h y s e s  a re  g r a d u a l l y  s e p a ra te d  ir o m  one
a n o th e r  b y  th e  g ro w in g  d ia p h y s e a l 
n e c k ,  a nd  s u b s e q u e n t ly  in c re a s e  in  s iz e  
Q u ite  in d e p e n d e n t ly  ox one a n o th e r .  By 
th e  end o f  th e  f o u r t h  y e a r  n e a r ly  th e  
w h o le  o f  th e  e p ip h y s is  o f  th e  head  i s  
o s s e o u s , th e  c a r t i l a g e  now c o n s is t in g  
o n ly  o f  th e  t h i n  d e n ta te  e p ip h y s e a l c a r; 
; t i l a g e  s e p a r a t in g  th e  head  f ro m  th e  
n e c k .  A t  s e v e n te e n  y e a rs  th e  e p ip h y .
; s i s  i s  f u l l y  o s s i f i e d ,  and f i n a l l y  
j o i n s  th e  d ia p h y s is  a b o u t n in e te e n  t o  
tw e n ty  y e a r s ,  th o u g h  a l i n e  o f  s é p a ra ; 
: t i o n  o f t e n  e x i s t s  a t  th e  c ir c u m fe r e n c e ,  e s p e c ia l l y  a t  t h e  lo w e r  p a r t ,  
even w i th  f i r m  o sse o u s  u n io n  a t  th e  c e n t r e .  On s e c t io n  a l i n e  o f  dense 
bone p e r s is t s  f p r  some y e a r s ,  i n d i c a t i n g  th e  l i n e  o f  c a r t i l a g in o u s  
u n io n . T a k in g ,  h o w e v e r , a s e c t io n  th ro u g h  th e  hea d  p a r a l l e l  t o  th e  
a r t i c u l a r  m a rg in  b u t  m e d ia l l y  d i s t a n t  a b o u t one c e n t im e t r e ,  s u ch  as i s  
re p re s e n te d  i n  f i g . 2 2 . ,  a t  a b o u t tw e lv e  y e a rs  o f  a g e , t h e r e  i s  c l e a r l y  
shown th e  la r g e  p a r t  ta k e n  b y  th e  d ia p h y s e a l n e c k  i n  th e  fo r m a t io n  o f  
t h e /
F i g . 2 1 .
The o s s i f i c  c e n t r e  f o r  th e  
e p ip h y s e s  o f  th e  h e a d , a t  
11 m o n th s .
Fig.22.
S e c t io n  th ro u g h  th e  h ea d  o f  f e m u r , 
m e d ia l and p a r a l l e l  t o  th e  a r t i c u l a r  
m a rg in  a t  12 y e a r s .
F i g . 28 .
V e r t i c a l  s e c t io n  o f  fe m u r 
a t  12 y e a r s .
7 5 .
th e  c e n t r e  c o re  o f  th e  h e a d , and  th e  p e c u l i a r i t y  o f  th e  m anner in  
w h ich  i t  does s o . T h is  p e c u l i a r i t y  c o n s is t s  o f  th e  g r e a t e r  p r o p o r t io n ;  
; a l  r e p r e s e n t a t io n  o f  th e  d ia p h y s is  a t  th e  u n d e r  p a r t  o i th e  head  as 
compared w i t h  th e  u p p e r .  An  e x a m in a t io n  o f  th e  u p p e r  s u r fa c e  o f  th e  
d ia p h y s is  i s  e x p la n a to r y  o f  t h i s  p e c u l i a r i t y ,  f o r  on r e fe r e n c e  t o  f i g .
23 i t  i s  show n t h a t  th e  in n e r  end o f  th e  n e c k  p r o je c t s  above  th e  g e n e ra l 
t p lane  o f  th e  r e s t  o f  t h i s  d ia p h y s e a l s u r fa c e .  A t  t h i s  age ( t w e l  e 
y e a rs , )  th e  d ia p h y s is  o f  th e  n e c k  fo rm s  a c e n t r a l  c o re  éüwn?-o v e r  w h ic h  
th e  a r t i c u l a r  s u r fa c e  o f  th e  e p ip h y s e a l head  e x te n d s :  n o t  i n  a r e g u la r
I
I fa s h io n ,  h o w e v e r ,  b u t  y e t  so as t o  em brace th e  u p p e r  end o f  th e  n e c k  in
I
j a c i r c u l a r l y  c o m p le te  m a n n e r. I t  w i l l  a ls o  be n o te d ,a n d  m ore e s p e c ia l ly  
I: a t  th e  p e r io d  im m e d ia te ly  p r e v io u s  t o  th e  b o n y  u n io n  o f  th e  e p ip h y s is  
w i th  th e  d ia p h y s is ,  t h a t  b o th  o s s i f y i n g  s u r fa c e s  a re  i r r e g u l a r ;  and 
th e  i r r e g u l a r i t i e s  a r e  so a r ra n g e d  and  o f  su ch  a sh a p e , t h a t  s m a ll 
h e m is p h e r ic a l n o d o s i t ie s  o f  th e  u p p e r  s u r fa c e  o f  th e  n e c k  a re  o c c u p y in g  
s m a ll c o n c a v i t ie s  o f  th e  u n d e r  s u r fa c e  o f  th e  h e a d . W h ile  th e  u n d e r  
s u r fa c e  o f  th e  e p ip h y s is  o f  t h e  h ea d  i s  th u s  conca ve  i n  a l l  d i r e c t i o n s ,  
i t  i s  m ost de . .p ly  e x c a v a te d  a t  i t s  a p p l i c a t i o n  t o  th e  m e d ia l p ro c e s s  
o f  th e  n e c k , and  th e  e x te n s io n  o f  th e  e p ip h y s is  o v e r  th e  d ia p h y s is  i s  
in  t h i s  s i t u a t i o n  th e  m o s t l i m i t e d .  ( MAC/iLI8TER h a s  a l r e a d y  p o in te d  
o u t how th e  t h i n  i r r e g u l a r  r im  f ro m  th e  h e a d  e x te n d s  o u tw a rd s  o e r  th e  
u p p e r p a r t  o f  th e  n e c k ,  and  a s s is t s  i n  th e  t r a n s m is s io n  o f  w e ig h t  f ro m  
th e  head abo ve  t o  th e  c a lc a r  fe m o ra le  b e lo w . ) .  From  a m o rp h o lo g ic a l 
p o in t  o f  v ie w ,  h o w e v e r , i t  i s  m ore im p o r ta n t  t o  r e c o g n is e  t h a t  th e  
lo w e r  a s p e c t  o f  th e  e p ip h y s e a l r im  e x te n d s  t o  th e  le a s t  e x te n t  o e r  
th e  d ia p h y s e a l n e c k , t h a t  i t  i s  th e  t h in n e s t  p a r t  o f  th e  w h o le  e p ip h y .  
’ S is ,  and  t h a t  i t  i s  th e  l a s t  p o r t i o n  t o  become o s s e o u s .
O n/
76.
............................ On t r a c i n g  th e  o n to g e n y  o f  t h i s  e p ip h y s is , t h e  d ia p h y :
:8 e a l s p u r  a t  t h e  m e d ia l e x t r e m i t y  o f  t h e  n e c k  w i l l  be fo u n d  t o  be b e s t  
e n ve lo p e d  to w a ra s  th e  age o f  p u b e r ty :  and^ th o u g h  in  th e  p ro c e s s  o f  f o r :  
:m a t io n  i t  may be r e c o g n is e c  a t  an  e a r l i e r  p e r io d  o f  l i f e ,  ^ f l l  th e  age 
: o f  f o u r  y e a rs  i t  i s  c e r t a i n l y  n o n - e x is t e n t .  The a d v a n ta g e  g a in e a  b y  
such a p ro c e s s  i s  f n  p r e v e n t in g  a n y  undue  te n d e n c y  t o  l u x a t i o n  o f  th e  
I e p ip h y s is ,  a te n d e n c y ,  as  w i l l  be show n, a t  i t s  g r e a t e s t  d e g re e  o i
m e c h a n ic a l p o s s i b i l i t y  when t h i s  n a t u r a l  means o f  p r e v e n t io n  a r r i ' e s  a t  : 
: i t s  maximum o f  d e v e lo p m e n t.  A c o m p a r is o n  w i t h  t h e  fe m u r  o f  th e  s e a l i
I i s  i n s t r u c t i v e  n o t  o n ly  as  r e g a r d s  th e  p h y lo g o n y  o f  th e  m e d ia l p ro c e s s
 ̂ i
I o f  th e  n e c k ,  b u t  a ls o  i n  a s s i s t i n g  t o  a d e c is io n  o f  th e  m o rp h o lo g y  o f  
i th e  l ig a m e n t  urn t e r e s  o f  th e  h ip  j o i n t .  I n  th e  Ross s e a l th e  a r t i c u l a r  j 
; head o f  th e  fe m u r  i s  in c o m p le te ,  so  t h a t  th e  m e d ia l p ro c e s s  o f  th e  n e c k  j 
i s  e n t i r e l y  a s u p e r f i c i a l  s t r u c t u r e . ( f i g . 2 4 . )  T h a t th e  lig a m e n tu rn  
I te re s  i s  i s o la t e d  b y  th e  d e v e lo p m e n t o f  th e  h e a d  o f  th e  fe m u r  as  a j
I  w ing  e x p a n s io n  on e a ch  s id e  o f  th e  l ig a m e n t ,  w i t h  s u b s e q u e n t f u s io n  j 
o f  th e  w in g s  u n d e r  th e  l ig a m e n t  a t  th e  lo w e r  p a r t  o i t h e  h e a d ,a s  s t a te d  
by KE ITH , seems s t r o n g ly  s u b s t a n t ia t e d  b y  th e  mode o f  d e v e lo p m e n t o f  
th e  e p ip h y s is  o f  t h e  h e a d .
P i g . 2 4 .  . ^
Head o f  fe m u r  o r  s e a l ,  ( a f t e r  THOMPSON).
N .B . The p o s i t i o n  o f  th e  e p ip h y s e a l c a r t i l a g e  and i t s  change in  
p o s i t i o n  a re  d is c u s s e d  i n  th e  s e c t io n  on ' t h e  a x is  o i  th e  
h e a d ' .
4 . THB BLOOD SUPPLY OF THE HEAD.
The b lo o d  v e s s e ls  w h ic h  e n t e r  th e  h ip  j o i n t  b y  p a s s in g  
und e r th e  t r a n s v e r s e  l ig a m e n t  o f  th e  a c e ta b u lu m  have  been  d e f in e d  b y  
a l l  o b s e r  e r s  as  a r i s i n g  f ro m  th e  e x t e r n a l  b ra n c h  o f  th e  a . o b t u r a t o r  
and f ro m  th e  m e d ia l c i r c u m f le x  b ra n c h  o f  th e  a . f e m o r is .  The w o rk  o i 
SSAWIN i s  th e  m os t d e t a i l e d .  He d e m o n s tra te d  b y  means o f  v e r y  f l u i d  
in je c t io n s  t h a t  th e  o b t u r a t o r  b ra n c h  a n a s to m o se s  w i t h  t h a t  o f  th e  med:
: i a l  c i r c u m f le x  t o  fo rm  tw o  m a in  v e s s e ls ,  o n e , th e  a . a c e t a b u l i , v fh ic h  
fo rm ed  a r i c h  v a s c u la r  n e tw o rk  i n  th e  H a v e rs ia n  f a t ,  th e  o th e r  n o t  a t  
a l l  c o n s ta n t ,  th e  a . l i g a m e n t i  t e r e t i s , w h ic h  ra n  th ro u g h  th e  lig a m e n .
: turn t e r e s  t o  th e  h ea d  o f  t h e  fe m u r .  I n  some ca ses  he fo u n d  no 'e s s e l 
in  th e  ro u n d  l ig a m e n t  a t  a l l ,  i n  m ost a f a i r l y  w e l l  m a rke d  c h a n n e l,  
and in  a fe w  s p e c im e n s  a d o u b le  a r t e r y .  The m e thod  a d o p te d  b y  th e  
w r i t e r  was one o f  d i f f e r e n t i a l  i n j e c t i o n  w i t h  v e r y  f l u i d  m e d ia , th e  
a n t e r io r  d i v i s i o n  o f  th e  i n t e r n a l  i l i a c  a r t e r y  b e in g  in je c t e d  w i t h  one 
c o lo u r in g  m a t t e r ,  and  th e  r e s t  o f  th e  b o d y  w i t h  a d i f f e r e n t l y  c o lo u re d  
p r e p a r a t io n .  B y t h i s  means i t  was d e te rm in e d  t h a t  r u n l i n g  u n d e rn e a th  
the  t r a n s v e r s e  l ig a m e n t  t h e r e  i s  a la r g e  b ra n c h  f ro m  th e  e x t e r n a l  
d i v i s io n  o f  th e  a . o b t u r a t o r ,  and  a s m a l le r  b ra n c h  f ro m  th e  i n t e r n a l  
c ir c u m f le x  a r t e r y .  These tw o  v e s  '.e ls  u n i t e d  i n  th e  f l o o r  o f  th e  
a c e ta b u lu m  a n d  fo rm e d  a n e tw o rk  e x a c t ly  as  d e s c r ib e d  b y  BSAVfVIN, and  
fro m  t h i s  n e tw o rk  a s m a ll  b ra n c h  p ro c e e d e d  t o . t h e  lig a m e n tu m  t e r e s .
Many a u th o r s  h o ld ,  o f  c o u rs e ,  t h a t  t h i s  i s  th e  s o le  
f u n c t io n  o f  th e  ro u n d  l ig a m e n t ,  t o  le a d  v e s s e ls  t o  th e  head  o f  th e  
fe m u r; (HENLE a n d  SAPPEY b o th  h e ld  t h i s  v ie w . )  A f t e r  a m ost c a r e f u l  
in q u i r y  ■^JELCHER came t o  o p p o s ite  c o n c lu s io n s .  On an a n a ly s is  o i 
t h i r t y /
t h i r t y  ca se s  he io uno . t h a t  in  9 t h e r e  w e re  no v e s c u ia r  m a rk in g s  on 
th e  f l o o r  o f  th e  t e r e s  fo s s a ;  i n  11 o n ly  one o r  tw o  s m a ll  p i t s :  i n  
8 t h e r e  w e re  % t o  6 fo r a m in a ;  i n  1 t e n ,  and  i n  one tw e n ty  f i v e  s m a ll 
o p e n in g s . HYRTL a ls o  u p h o ld s  th e  le w  t h a t  th e  l ig a m e n t  does n o t  
oonvey b lo o d  e s s e ls  t o  t h e  h e a d  o f  th e  fe m u r ,  and c la im s  t o  ha  e 
p roved  t h a t  a t  th e  fe m o r a l e x t r e m i t y  o f  t h e  l ig a m e n t  th e  a r t e r i a l  es: 
; s e l fo rm s  a c a p i l l a r y  lo o p  a nd  ru n s  b a c k  as  th e  v e in .  F o r  th e  p re s e n t  
w ork a b o u t 100 ro u n d  l ig a m e n ts  w e re  e xa m in e d  f o r  th e  c o n ta in e d  v e s s e l
Vî-o
by  means o f  a han d  le n s ,  y e t  a  v e s s e l o f  a n y  s iz e  was fo u n d ; th e r e ;  
i f o r e  i t  was c o n c lu d e d  t h a t  n o t  o n ly  i s  t h i s  v e s s e l n o t  th e  s o le  s u p - 
; p ly ,  b u t  t h a t  i t  o n ly  can  c o n v e y  a v e r y  t r i f l i n g  am oun t o f  b lo o d  t o  
th e  head o f  th e  b o n e . On e x a m in a t io n  o f  th e  'd i f f e r e n t ia t e d 's p e c im e n ^ ,  
num erous v e s s e ls  w e re  fo u n d  a s c e n d in g  i n t o  th e  h ea d  f ro m  th e  a r t i c u l a r  
m a rg in , b u t  n o t  th e  s l i g h t e s t  e v id e n c e  o f  a n y  v a s c u la r  c h a n n e l Xrom 
th e  lig a m e n tu m  t e r e s  i n t o  th e  n e ig h b o u r in g  bone c o u ld  be d e te rm in e d ; 
th a t  i s ,  i n  th e  a d u l t  a t  l e a s t ,  th e  b lo o d  v e s s e ls  o f  th e  l ig a m e n t  a re  
n o t d e s t in e d  f o r  t h e  s u p o ly  o f  th e  head  o f  th e  fe m u r .  I n  s u p p o r t  o f  
t h is  a n a to m ic a l f a c t  t h e r e  i s  th e  f i n d i n g  o f  p a th o lo g y ,  f i r s t  i n  r e -  
;g a rd  t o  d i s l o c a t i o n  o f  th e  h ip  a nd  se c o n d  in  f r a c t u r e  o f  th e  n e c k  o f  
th e  fe m u r. F o r  th e  f u l l  d e v e lo p m e n t o f  th e  fo rm e r  c o n d i t io n  th e r e  
m ust be o f  n e c e s s i t y  a c o m p le te  r n p t u r e  o f  th e  ro u n d  l ig a m e n t ,  y e t  
a f t e r  r e d u c t io n  o f  th e  d i s l o c a t i o n  i t  i s  n e v e r  h e ld  t h a t  th e  head  o i 
th e  fe m u r i s  d e f e c t iv e  in  n u t r i t i o n .  A c o n s id e r a b le  am ount o i  w o rk  
is  a v a i la b le  i n  r e g a r d  t o  f r a c t u r e  o f  th e  n e c k  o f  th e  ie m u r , and h e re  
th e  co n se n su s  o f  r e l i a b l e  o p in io n  i s  t h a t  th e  c o n d i t io n  o f  th e  l i g a .  
;m e n t i s  a b s o lu t e l y  im m a te r ia l ,  t h e  r u p tu r e  o r  n o n - r u p tu r e  o i  th e  
s y n o v ia l  and  f i b r o u s  c o n n e c t io n s  b e tw e en  th e  n e c k  and  head  w i t h  th e  
c o n ta in e d '
79.
c o n ta in e d  v e s s e ls  d e te r m in in g  th e  f u t u r e  s t a t e  o f  th e  h e a d .
Home w r i t e r s  h o ld ,  h o w e /e r ,  t h a t  i t  i s  i n  th e  c h i l d  
t h a t  th e  lig a m e n tu m  t e r e s  as  a means o f  le a d in g  /e s s e ls  t o  th e  j  emor;
: a l  head  i s  i n  th e  f u l l e s t  d e g re e  a c t i  e , and  a f t e r  t h a t  p e r io d  th e  
b lo o d  s u p u ly  i s  a e r ix e d  f ro m  th e  b lo o d  v e s s e ls  o f  th e  d ia p h y s is  a t  
th e  a r t i c u l a r  m a rg in .  (L M G -E .) .  A g a in s t  t h i s  v ie w  th e r e  a re  th e  e ry
d o g m a tic  s ta te m e n ts  o f  P ICK and  WELCHER. The fo rm e r  d e f i n i t e l y  s ta te r ;
“ I n  th e  y o u n g  s u b je c t  th e  b lo o d  s u p p ly  i s  n o t  th ro u g h  th e  ro u n d  l i g a .
; ment b u t  th r o u g h  th e  v e s s e ls  w h ic h  e n t e r  th e  la r g e  fo ra m in a  a t  th e
a r t i c u l a r  m a rg in  o f  th e  h e a d " . W h ile  th e  l a t t e r  i s  e q u a l ly  c e r t a in  
o f  t h i s  v ie w  i n  th e  d e te rm in e d  a b se n ce  o f  v a s c u la r  fo ra m in a  in  th e  
te r e s  fo s s a  o f  t h e  em bryo  and  o f  yo u n g  c h i ld r e n .
F o r  th e  p r e s e n t  w o rk  tw o  m a le  c h i ld r e n ,  aged  tw o  
y e a rs  and  s i x  y e a r s  r e s p e c t i v e l y ,  w e re  p re p a re d  b y  th e  d i f f e r e n t i a l  
i n j e c t i o n  m e th o d  a l r e a d y  d e s c r ib e d .  I n  th e  c h i l d  o f  tw o  y e a r s ,  -  
t h a t  i s  a t  a p e r io d  when th e  o s s i f i c a t i o n  o f  th e  head  i s  n o t  t o  a n y  
e x te n t  a d v a n c e d , -  th e  b lo o d  v e s s e ls  w h ic h  p a s s e d  t o  th e  o sse o u s  
n u c le u s  w e re  d e r iv e d  i n  no p a r t  f ro m  th o s e  o f  th e  lig a m e n tu m  t e r e s ,  
b u t  e n t i r e l y  f r o m  v e s s e ls  e n t e r in g  th e  n e c k  o f  th e  fe m u r  a t  th e  a r ;  
; t i c u l a r  m a rg in  o f  th e  h e a d . These v e s s e ls  a re  d i s t i n c t l y  seen in  
t h e i r  c o u rs e  t o  th e  c e n t r e  o f  o s s i f i c a t i o n  l y i n g  i n  th e  lo w e r  p a r t  
o f  th e  c a r t i l a g e  o f  th e  h e a d , b u t  a s m a ll  a re a  o f  th e  s u p e r f i c i a l  
c a r t i l a g e  abo ve  t h i s  c e n t r e  a nd  in  im m e d ia te  p r o x im i t y . o f  th e  a t ta c h ;
; m ent o f  th e  l ig a m e n tu m  t e r e s  d id  seem t o  be v a s c u la r is e d  ir o m  th e
a . l i g a m e n t i  t e r e t i s .  ( f i g . 2 5 . ) .  The s p e c im e n  o b ta in e d  f ro m  th e  
c h i l d  o f  s i x  y e a r s  ( f i g . 2 6 ) a ls o  gave e m p h a tic  e v id e n c e  t h a t  l o r  
p u rp o s e s  o f  o s s i f i c a t i o n  th e  b lo o d  s u p p ly  i s  o b ta in e d ,  n o t  ir o m  th e  
v e s s e ls /
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e s s e ls  o f  th e  l ig a m e n tu m  t e r e s ,  b u t  f ro m  th o s e  w h ic h  e n te r  a t  th e
F i g . 2 5 .
B lood s u p p ly  o f  th e  c e n t r e  
o f  o s s i f i c a t i o n  a t  tw o  y e a rs  
o f  age.
F i g . 2 6 .
B lo o d  v e s s e ls  o f  th e  head  
a t  s i x  y e a rs  o f  a g e .
a r t i c u l a r  m a rg in  o f  th e  h e a d  and  p a ss  th e n c e  p r o x im a l ly  th ro u g h  th e  
e p ip h y s e a l p la t e  t o  r a m i f y  i n  t h e  o sse o u s  s u b s ta n c e  o f  th e  h e a d . And 
when in  ad , i t i o n  i t  i s  d e te rm in e d  t h a t  i n  ca se s  o f  c o n g e n i ta l  cLis- 
; lo c a t io n  o f  t h e  h ip  th e  h e a d  o f  th e  fe m u r  u n d e rg o e s  no e s p e c ia l  
a tro p h y  i n  th e  a b s e n c e  o f  th e  lig a m e n tu m  t e r e s ,  i t  may no lo n g e r  be 
h e ld  t h a t  " t h e  ro u n d  l ig a m e n t  c o n v e y s  a b lo o d  s u p p ly  t o  th e  head  o f  
th e  fe m u r " .
A s  re g a rd s  th e  fo ra m in a  i n  th e  f l o o r  o f  th e  t e r e s  
fo s s a  th e  f o l l o w i n g  a l t e r n a t i v e  v ie w  as t o  t h e i r  c a u s a t io n  i s  advane: 
:e d . From  th e  d e t a i l e d  e x a m in a t io n  o f  th e s e  fo ra m in a  t h e r e  i s  
e v id e n t  n o t  o n ly  th e  in c o n s ta n c y  i n  num ber a s  d e s c r ib e d  b y  WELCHER, 
b u t t h a t  th e  s e c t io n a l  a re a  o f  th e  a v e ra g e  num ber i s  o u t  o f  a l l  p ro ;
: p o r t io n  t o  t h a t  w h ic h  c o u ld  p o s s ib ly  r e s u l t  f ro m  a s u b d iv is io n  o f  
th e  a ,  l i g a m e n t i  t e r e t i s :  t h a t  i s ,  t h a t  a l l  o f  th e s e  o p e n in g s  c a n n o t 
p o s s ib ly  be v a s c u la r  c h a n n e ls .  Now f ro m  a s tu d y  o f  th e  m ethod  o f  
a t ta c h m e n t o f  th e  l ig a m e n tu m  te r e s  t o  th e  head  o i  th e  fe m u r  in  th e  
fo e tu s  and  i n  th e  a d u l t ,  i t  may be shown t h a t ,  w h i le  th e  m a rg in a l 
p a r t s /
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p a r ts  o f  t h i s  l ig a m e n t  may tecom e c o n t in u o u s  w i t h  th e  s u p e r f i c i a l  
la y e rs  o f  th e  a r t i c u l a r  c a r t i l a g e ,  th e  c e n t r a l  p a r t s  a re  in  d i r e c t  
c o n t in u i t y  f i r s t  w i t h  t h e  c a r t i l a g in o u s  and  s u b s e q u e n t ly  w i t h  th e  
osseous t i s s u e  o f  th e  head. And th e  foramina, fo u n d  o n ly  i n  th e  
a d u l t ,  r e p r e s e n t  s u c h  c h a n n e ls  o f  c o m m u n ic a tio n .
The v a s c u la r  s u p p ly  o f  th e  e p ip h y s is  o f  th e  femoral 
head i s  then, i n  comiLon w i t h  o th e r  e p ip h y s e s ,  d e r iv e d  from a s p e c ia l  
se t o f  e p ip h y s e a l v e s s e ls  e n t e r in g  th e  bone d i s t a l  t o  th e  epiphyseal 
m a rg in . A t  e a r l y  p e r io d s  o f  o s s i f i c a t i o n  th e s e  v e s s e ls  fo rm  an  e n t i r e  
and d i s t i n c t  c i r c u l a t i o n ,  and o n ly  s u b s e q u e n t t o  th e  o sse u s  u n io n  o f  
e p ip h y s is  a nd  d ia p h y s is  do t h e y  anastomose w i t h  th e  in t r a o s s e a l  v e s -  
: s e ls  o f  th e  s h a f t .  D e r iv e d  m a in ly  f ro m  th e  c i r c u m f le x  a r t e r i e s  
th e se  b ra n c h e s  p e r f o r a t e  t h e  c a p s u la r  a t ta c h m e n t ,  p ro c e e d  m e d ia l ly  
s u p e r f i c i a l l y  on th e  n e c k  i n  tw o  m a in  g ro u p s  and i n  r e l a t i o n  t o  th e  
s y n o v ia l r e t i n a c u la ,  and  become in t r a o s s e a l  to w a rd s  th e  a r t i c u l a r  
m arg in  o f  th e  h e a d . The d e t a i l s  o f  th e  in t r a o s s e o u s  v e s s e ls  a re  de;
; te rm in e d  b e s t  b y  X - r a y  p h o to g ra p h s  o f  m e rc u ry  i n je c t e d  sp e c im e n s  and  
by t h is  means we h ave  bee n  a b le  t o  c o n f i r m  th e  w o rk  o f  LEXER, ( f i g . ^ 7 ) .
X -R a y  p h o to g ra p h s  o f  m e r c u r ia l  in je c t e d  fe m o ra  o f  a c a t ,  sh o w in g  
c o u rs e  o f  in t r a o s s e a l  v e s s e ls  t o  e p ip h y s is  o f  h e a d .
sr.
6 . THE FOHrA FOR THE LIG/.MENTUM TERSE.
ih e  4.o s s a  a t  th e  ., em o ira l i n s e r t i o n  o f  th e  ligam en.. 
:tum  te r e s  has in  a r io u s  p la c e s  re c e i.  ea ~ a r io u s  d e s c r ip t io n s ,  su ch  as 
round , o - a l , t r i f o l i a t e , e t c ;  e e n  a p e rc e n ta g e  o i  th e  a i i c e r e n t  fo rm s  
has been d e t a i l e d  b y  BROCKWAY.
An e x a m in a t io n  o f  a l a r g e  num ber o f  bones was 
made i n  o r d e r  t o  d e m o n s tra te  th e  r e l a t i o n  o f  th e  a t ta c h m e n t  o f  th e  l i g .  
te re s  t o  p o s s ib le  f u n c t i o n ,  a n d  th e  f o l l o w in g  c o n c lu s io n s  w e re  a r r i v e d  
a t  r e g a r d in g  th e  shape o f  th e  fo s s a .
I f  th e  fe m u r  be h e ld  so t h a t  th e  r i d g e  j o i n i n g  
th e  le s s e r  t r o c h a n t e r  a n d  th e  a r t i c u l a r  m a rg in  o f  th e  head  i s  v e r t i c a l ,  
th e n  in  e v e r y  i n s t a n c e ,  and  m ore e s p e c i a l l y  i n  th e  r e c e n t  c o n d i t io n ,  
th e  fo s s a  w o u ld  a l lo w  o f  a r e d u c t io n  t o  th e  t r i a n g u l a r  f o r m ,  a n d  i n  
t h i s  p o s i t i o n  o f  th e  bone th e  base  o f  th e  t r i a n g l e  i s  h o r i z o n t a l  a n a  
th e  apex p o i n t s  a lm o s t  d i r e c t l y  d o w n w a rd s (^ )  The a t ta c h m e n t  o f  th e  
lig a m e n t in  t h i s  1 o ssa  i s  m o n o - l in e a r ,  t h a t  i s  t o  th e  base a lo n e ,  so 
th a t  th e  lo w e r  a p i c a l  p a r t  o f  th e  t r i a n g l e  i s  s im p ly  a d e p re s s io n  o i 
th e  a r t i c u l a r  c a r t i l a g e  w h ic h  lo d g e s  th e  l ig a m e n t  when i t  i s  i n  a 
s t a t e  o f  t e n s i o n .  I .  t h e  b o n e  b e  p la c e d  i n  t h e  p o s i t i o n  i t  o c c u p ie s  
in  th e  e r e c t  p o s tu r e  i t  w i l l  b e  o b v io u s  t h a t  th e  l ig a m e n t  c o u la  n o t  
th e n  l i e  i n  th e  ï  o s s a ; f o r  i t  i s  o n ly  when i t  i s  l o r c i b l y  s t r e t c h e d  
t h a t  th e  l ig a m e n t  w i l l  be  p r e s s e d  a g a in s t  th e  head  o i th e  b o n e , and th e  
p o s i t i o n  o f  t h e  l im b  w h e n  t h e  l i g a m e n t  i s  s t r e t c h e d  i s  o n e  o f  s e m i-  
f l e x i o n . I n  th e  f o e t u s  and  i n  th e  y o u n g  s u b je c t  th e  l i n e a r  a t  Lac h .
; m ent i s  v e r y  d e f i n i t e .  I n  a 3 cm. em bryo t h e r e  i s  a r e l a t i  e l y
la r g e  f l a t t e n e d  a re a  on th e  h ea d  o f  th e  fe m u r  i n  th e  m o rp h o lo g i i /a l
p o s i t i o n  o f  th e  im p r e s s io n  f o r  th e  l i g .  t e r e s  o l  th e  a d u l t ,  ana a t
t h e /
(1 )  T h is  c o r re s p o n d s  t o  th e  f o r m  o i  th e  fo s s a  w h ic h  F I  A 
d e s o r ib e s  a s  th e  n o r m a l .
th e  u p p e r p a r t  o i t h i s  th e  t is s u e  o f  th e  l ig a m e n t  becomes c o n t in u o u s  
w ith  th e  t is s u e ,  o f  th e  h e a d  th ro u g h  a s l i t - l i k e  c l e f t  ( f i g . ^ .  ) . i n  a 
fo e tu s  o f  f i  e m o n th s  b e lo w  and  b e h in d  th e  l i n e a r  a t ta c h m e n t  t h e r e  i s  a 
r e l a t i v e l y  s h a l lo w  d e p re s s io n  in  th e  h e a d  o f  th e  bone t o  w h ic h  th e  l i g a :  
;m ent has  a b s o lu t e l y  no  o r g a n ic  c o n n e c t io n .  A t  t h r e e  y e a rs  o f  age  th e  
d e g re s s io n  i s  d e f i n i t e l y  t r i a n g u l a r ,  g r a d u a l l y  b e co m in g  s h a l lo w e r  i n  
the  downward d i r e c t i o n  t i l l  i t  c e a se s  a l t o g e t h e r  a t  th e  p o in t  w he re  a 
v e r t i c a l  ta n g e n t  f r o m  th e  a c e ta b u la r  a t ta c h m e n t  w o u ld  to u c h  t h e  h e a d .
The a t ta c h m e n t  re m a in s  mono-
P ig .  2 8 .
Head o f  fe m u r  v ie w e d  f ro m  s p h e r ic a l  p o le ,  
t o  show th e  a t ta c h m e n t  o f  th e  l ig a m e n t  
and the  t e r e s  fo s s a  a t  t h r e e  y e a rs  o f  age 
In  t h is  s p e c im e n  th e  a t ta c h m e n t  g ro o v e  
was c o n t in u e d  ro u n d  th e  h e a d ,a  c o n d i t io n  
we have a ls o  o b s e rv e d  a t  12 y e a r s .
l i n e a r  t o  th e  base o l th e  
d e p re s s io n  and  w i t h in  i t s  
l i m i t s ,  th o u g h  o c c a s io n a l ly  
th e  c l e f t  may be fo u n d  p a s s ;
: in g  c o m p le te ly  ro u n d  th e  
h e a d  as  a g ro o v e  and  s e p a r;  
; a t i n g  th e  f u n c t io n a l  a n te r :
: i o r  and  p o s t e r io r  a r t i c u l a r  
a re a s ,  ( f i g .  2 8 ,- ) .
S. THE ARTICULAR CARTILAGE OF THE HEAD.
The a r t i c u l a r  c a r t i l a g e  c o v e r in g  th e  h e a d  o l th e  
fe m u r, and as  a l r e a d y  in d ic a t e d  e n c lo s in g  a c o n s id e r a b le  p o r t io n  o f  
th e  d ia p h y s e a l n e c k ,  i s  i n  common w i t h  o th e r  co n ve x  a r t i c u l a r  c a r t i :  
: la g e s  t h i c k e r  a t  i t s  c e n t r e  th a n  to w a rd s  i t s  m a rg in .  A m ore m in u te  
e x a m in a t io n  d e m o n s tra te s  c e r t a in  im p o r ta n t  m e c h a n ic a l p o in t s .  R e fe re n c e  
i s  made to  f i g .  2 9 , H e re  i t  i s  shown t h a t  t h e  g r e a t e s t  th ic k n e s s  i s  
n o t /
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lo t  e x a c t ly  a t  th e  c e n t r e  oT th e  head  b u t  b e lo w  and. a n t e r i o r  t o  t h a t
Fig. 29.
The a r t i c u l a r  c a r t i l a g e  o i' t h e  h ea d  i n  s e c t io n .
p o in t ,  in  th e  r e g io n  of t h e  t e r e s  fo s s a :  and  from t h e r e  th e  c a r t i l a g e  
decreases i n  t h ic k n e s s  le s s  quickly b e lo w  and  i n  f r o n t  th a n  above and 
beh ind . At i t s  t h i c k e s t  p a r t  th e  cartilage i s  on an average 3 nuns, on 
s e c t io n ,  d e c r e a s in g  t o  a p p r o x im a te ly  1 mm. a t  th e  s u p e r o - p o s te r io r  
b o rd e r, but i t  m easu res  a lm o s t  f  mms. a t  th e  a n t e r o - i n f e r i o r  margin. 
Thus th e re  i s  e v e r y  i n d i c a t i o n  t h a t  WERNER'S d e s c r ip t i o n  i s  c o r r e c t ,  
" t h a t  during l i f e  the a n t e r o - i n f e r i o r  part of th e  m a rg in  i s  s u b je c t  t o  
g re a te r  p re s .c u re  th a n  th e  s u p e r o - p o s t e r io r  p a r t  o f  t h e  m a r g in ' .
7. THE INTERNAL STRUCTURE OF THE FEMUR.
The p r o x im a l  e x t r e m i t y  o f  th e  fe m u r  c o n s is t s  oi 
c a n c e llo u s  t i s s u e ,  s u r ro u n d e d  b y  a l a y e r  of dense  bo n e . I t  i s  p ro p o s e d  
o n ly  t o  d e f in e  th e  view t h a t  h a s  been a d o p te d  h e re  r e g a r d in g  th e  r e la :  
:tionship of co m p a c t a n d  c a n c e l lo u s  b o n e a n d  t h i s  v ie w  being m a in ly  
m e c h a n ic a l no question o f  m o r p h o lo g ic a l  c o m p a r is o n  a r i s e s .  . The 
s p o n g io s a  shows a well designed a r c h i t e c t u r e  w h ic h  b e a rs  th e  c lo s e s t  
r e la t i o n s h i p /
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r e la t io n s h ip  t o  th e  s t a t i i ^ s  o,l. th e  bon e , b u t  so a ls o  does th e  o o mo a c ta  
show th e  same .'w e ll d e f in e d ,  m e c h a n ic a l a r  a n g e m e n t, -  a i a c t , we b e l ie  e, 
w h ich  has n o t  y e t  bee n  e x p re s  ea w i t h  s u f  i c i e n t  e m p h a s is . The morpho. 
: l o g i o a l  d i f  e re n c e s  we h o ld  t o  be th e  e x p r e s s io n  o f  th e  d i f f e r e n c e s  
in  th e  d e g re  s o f  c o n c e n t r a t io n  and  u n i f o r m i t y  o f  d i r e c t i o n  o f  th e  
main s t r e s s e s  th r o u g h  w h ic h  th e  bone a c t s .  I n  th e  com pacta  th e  con;
; c e n t r a t io n  i s  a t  th e  maximum and  th e  u n i f o r m i t y  o f  d i r e c t i o n  a p p ro a c h  
: es t o t a l i t y :  b u t  re p la c e m e n t  b y  s p o n g io s a  ta k e s  p la c e  w here  ve r t h e r e
is  a s p r e a d in g  o u t  o f  th e  f o r c e  f o r  t r a n s m is s io n  t o  a n o th e r  e le m e n t ,  
o r  where, t h e  d i r e c t i o n  o f  th e  c o n d u c te d  f o r c e  r e q u i r e s  a l t e r a t i o n  t o  
a new p la n e  o f  t r a n s m is s io n .  Prom  t h i s  p u r e ly  m e c h a n ic a l p o in t  o f  
v ie w  th e  co m p a c ta  may be c o n s id e r e d  as com pressed  s p o n g io s a  and  th e  
s p o n g io sa  as d e la m in a te d  co m p a c ta .
A . The compao%,tge-; O ve r th e  m a jo r  p a r t  o f  th e  e x tre m ;
: i t y  th e  com pac t l a y e r  i s  o n ly  a t h i n  s u r fa c e  la m e l la  c o n t in u e d  d is ;
: t a l l y  i n t o  th e  s u p e r f i c i a l  s t r a t a  o f  th e  com pact b o u n d a ry  o f  th e  
s h a f t .  The d i s t r i b u t i o n  o f  th e  com paca t i s  m ost e a s i l y  u n d e rs to o d  
and i t s  a r ra n g e m e n t f o r  m e c h a n ic a l p u rp o s e s  m o s t e a s i l y  f o l lo w e d ,  i f  
an e x a m in a t io n  i s  made o f  a s e r ie s  o f  t r a n s v e r s e  s e c t io n s  o f th e  bone 
fro m  b e lo w  u p w a rd s  a nd  a g la s s  p la t e  r e c o n s t r u c t io n  o f  th e s e  s e c t io n s  
i s  th e n  e x a m in e d . Such a s e r i e s , o b ta in e d  f ro m  an a d u l t  m a le  b o n e , i s  
shown i n . f i g .  3 0 . The s e c t io n  th r o u g h  th e  s h a f t  (A ) shows th e  com; 
:p a c t  bone as  a c i r c u m f e r e n t i a l l y  c o m p le te  la y e r  o f  a d e f i n i t e  mech.
: a n io a l  s t r a i n  b e a r in g  t h ic k n e s s .  The g r e a t e s t  t h ic k n e s s  i s  a t  th e  
ju n c t i o n  o f  th e  a n t e r i o r  a n d  m e d ia l s u r f â ô e s .w h e re , i n  th e  c o m p le te  
b o n e , a v e r y  d e f i n i t e  r id g e  mass p a s s e s  down th e  s h a ^ t  f ro m  th e  u n d e r  
s id e /
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sid.G Oi t-iie  n e o k . T îie l a t e r a l  o ir c u m ie re n c e  ta k e s  a c o n s id e r a b le  p a r t  
i ^ t h e  w e i ^ ï t  t r a n s m is s io n  b u t  th e  p o s t e r i o r  p a r t  o n ly  t o  a ^ ^ ry  
s l i g h t  e x te n t  a nd  l e a s t  o f  a l l .  i n  th e  s e c t io n  th ro u g h  th e  s m a ll 
t r o c h a n te r  (B ) i t  i s  v e r y  c le a r  t h a t  t h i s  e p ip h y s is  ta k e s  no p a r t  i n  
th e  fo r m a t io n  o f  th e  m e c h a n ic a l a x is  o f  th e  s h a f t .  The s u r fa c e  com: 
:p a o t la y e r  i s  a m ere s k in  c o v e r in g ,  and th e  t h i c k  com pac t la y e r  o f  
the  m e d ia l s u r fa c e  t u r n s  la t e r a lw a r d s  i n t o  th e  s u b s ta n c e  o f  th e  bone 
as a p r o je c t i n g  le d g e .  The c o m p le t io n  o f  th e  m e c h a n ic a l a x is  w o u ld  be 
by th e  d o t t e d  l i n e ,  b e yo n d  w h ic h  th e  com pact la y e r  she 1 -es v e r y  m i  ok: 
: l y  away i n t o  t h e  s u r fa c e  o f  t h e  s m a ll  t r o c h a n t e r .  The p r o je c t i n g  
le d g e  o f  bone i s  t h e  lo w e r  p a r t  o f  th e  ' c a l c a r  f e m o r a le ' , (C -P ) 
( fo h e n k e ls p o r n , MERKEL.) The s u c c e e d in g  s e c t io n s  (C -P ) a re  th ro u g h  
th e  s h a f t  a s c e n d in g  f ro m  th e  base  o f  th e  g r e a t  t r o c h a n t e r ,  and  th e  
p r in c ip le s  o f  s t r u c t u r e  as  fo u n d  a t  th e  lo w e r  e p ip h y s is  a re  a d h e re d  
to .  T he re  i s  on th e  a n t e r i o r  and  th e  m e d ia l s u r fa c e s  o f  th e  bone a 
d e f in i t e  c o m p a c t l a y e r ,  im p o s e d  on w h ic h  p o s t e r o - l a t e r a l l y  i s  th e  
n o n -m e c h a n ic a l a p o p h y s is ,  th e  g r e a t  t r o c h a n t e r .  The com pact s t a t i c  
colum n b e h a ve s  i n  an e x a c t l y  s i m i l a r  m anne r a t  b o th  o f  i t s  e x t r e m i t :  
; ie s  -  i t  i s  f o ld e d  i n t o  th e  c a n c e l lo u s  t i s s u e  o f  th e  m u s c u la r  apoph ; 
: y s is  i n  m a jo r  p a r t ,  and  d i s t a l  t o  t h i s  t a p e r s  away v e ry  l u i c k l y .
The p o s t e r i o r  o f  th e s e  in f o l d i n g s  i s  shown i n  i t s  f u l l e s t  fo r m a t io n  
in  f i g , P . , i t  i s  l a r g e r  a nd  o f  g r e a t e r  e x te n t  th e n  th e  a n t e r i o r  f o l d .
: i n g ,  a n d  h e n ce  we f i n d  t h a t  th e  d i s t a l  t a p e r in g  o f f  i s  m ore a b r u p t
/ o c c u r r in g  .
th a n  t h a t / d i s t a l  t o  th e  a n t e r i o r  f o l d .  T h is  p o s t e r io r  f o l d ,  as
a l r e a d y  in d ic a t e d ,  i s  t h e  ' c a l c a r  f e m o r a l e '  d e s c r ib e d  b y  MERKEL,and 
we p ro p o s e  t o  name th e  o th e r  f o l d  ' t h e  c a lc a r  fe m o ra le  a n t e r i o r  .
T h e /
The s u c o e e d in g  s e c t io n s  G-H i n / o l / e  th e  h ea d  and  d e m o n s tra te  th e  an ; 
i t e r i o r  and  p o s t e r i o r  r e t e n t io n s  o f  com pact bone on th e  n e c k , i t s  
absence f ro m  th e  g r e a t  t r o c h a n t e r  and th e  h e a d , w h i le  th e  c a lc a r  fern;
: o r a le  a n t e r i o r  i s  seen  t o  be de v e lo p e d  a t  a h ig h e r  l e  e l  th a n  th e  
p o s t e r io r  o n e . The a b s e n c e  o f  m e d ia l i n f o l d i n g s  o f  th e  com pact w a l l  
i n  th e s e  s e c t io n s  i s  o f  c o u rs e  d e p e n d e n t on th e  f a c t  t h a t  t h e r e  i s  
a t  th e s e  p o s i t i o n s  no  m a in  s t a t i c  c o lu m n , b u t  a t o t a l  re p la c e m e n t o f  
th e  co m p a c ta  b y  c a n c e l lo u s  b o n y  s u p p o r ts .
i  A l o n g i t u d i n a l  c o r o n a l s e c t io n  o f  th e  e x t r e m i t y , i n  th e
absence o f  a g la s s  p l a t e  r e c o n s t r u c t io n ,  b r in g s  o u t  th e  e x te n t  ana 
r e la t io n s h ip  o f  th e  v a r y in g  c o m p a c ta , ( f i g . 5 1 ) .  The l a t e r a l  com pact 
la y e r  ce a se s  n e a r  th e  base  o f  t h e  g r e a t  t r o c h a n t e r ,  b e in g  t o t a l l y  r e ;
: p la c e d  b y  a c a n c e l lo u s  s y s te m : th e  u p p e r  s u r fa c e  o f  th e  n e c k  p re s :
:e n ts  a s m a l l  a re a  o f  co m p a c ta  f o r  th e  a t ta c h m e n t  o f  th e  c a n c e l lo u s  
t is s u e  o f  t h e  n e c k : a n d  t h e  m e d ia l co m p a c ta  e x te n d s  a lo n g  th e  u n d e r
s u r fa c e  o f  th e  n e c k  t o  th e  m a rg in  o f  th e  head  b e fo r e  i t s  re p la c e m e n t 
o c c u rs . I t  i s  p o s s ib le  th e n  f ro m  th e  d i s t r i b u t i o n  o f  th e  co m p a c ta  to  
d e te rm in e  t h a t  on th e  u n d e r  s id e  o f  th e  n e c k  and  m e d ia l s u r la c e  th e r e  
is  th e  e a r l i e s t  c o n c e n t r a t io n  and s p e e d ie s t  u n i f o r m i t y  o i  d i r e c t i o n  
o f  th e  f o r c e s  a c t in g  a lo n g  th e  fe m u r : and t h a t  th e  t r o c h a n t e r s  ta k e
no p a r t  i n  th e  f o r m a t io n  o f  th e  w e ig h t  t r a n s m is s io n  co lu m n .
Bo The s p o n g io s a : -  The e le m e n ts  o i  th e  s p o n g io s a ,  a r —
: ra n g e d  on d e f i n i t e  m e c h a n ic a l p r i n c i p l e s ,  a re  p la c e d  so t h a t  th e y  
l i e  i n  th e  l i n e s  o f  s t r o n g e s t  'p r e s s u r e  a n d  o f  s t r o n g e s t  t e n s io n  . 
T h e i r  r e s o lu t i o n  i n t o  'm e c h a n ic a l sys te m s  o f  la m e l la e  i s  th u s  
g e n e r a l l y  a g re e d  o n , a n d  th e  d e s c r ip t i o n  o f  th e  a r ra n g e m e n t g iv e n  
b e lo w /
89.
below  d i f f e r s  o n ly  i n  th e  i n t e r p r e t a t i o n  o f  th e  e x a c t  o r ie n t a t i o n  o f
th e  v a r io u s  la m e l la e  s y s te m s , b u t  even  
as s u c h  r e q u i r e s  a p r e l im in a r y  s ta te m e n t 
a s  t o  th e  m e c h a n ic a l r e q u ire m e n ts  w h ic h  
h ave  been ac e p te d  ( f i g . 3 2 . )  The
e s s e n t ia l  s t a t i c  p ro b le m  i s  th e  c o n fe r ;
: s io n  o f  a f o r c e  a c t in g  dow nw ards a t  
À -B  i n t o  a f o r c e  a c t in g  a lo n g  E -P ; t h a t  
i s  th e  c o n v e rs io n  o f  a s h e a r in g  f o r c e  
a t  th e  head  o f  th e  fe m u r  i n t o  th e  d i r e c t  
force o f  th e  fe m o ra l s h a f t .  M e c h a n ic a l;
: l y  s u c h  a c o n v e rs io n  i s  r e s o lv e d  b y  a 
d u p l i c a t e  s e r ie s  o f  c u r v e s , r e s p e c t i v e ly  
concave and  c o n ve x  u p w a rd s  a nd  i n t e r s e c t i n g  a t  th e  a x is  M -IF.' The 
curves w h ic h  a re  c o n c a v e  u p w a rd s  a re  ’ p r e s s u r e ’ c u rv e s ,  th o s e  conve x  
upwards a re  ’ t e n s io n '  c u r v e s ,  and  i n  b o th  s e r ie s  th e  s te e p  end o f  each 
curve c o r re s p o n d s  t o  th e  m in im a l am oun t o f  s t r a i n ,  and  th e  f l a t  end
t o  th e  maximum. A t  A -B  t h e r e f o r e
P ig .  3 1 .
The com pacta  i n  l o n g i t u d ;  
; in a l  c o r o n a l s e c t io n .
To e x p la in  th e  s t a t i c  c o n d i t io n
a t  th e  p r o x im a l end o f  th e  fe m u r .
th e  s t r a i n  i s  z e r o ,  a t  C-D a t  i t s  
maximum.
As seen  on l o n g i t u d in a l  
s e c t io n  ( f i g . 3 3 ) th e  proximal end 
o f  th e  fe m u r  c o r re s p o n d s  v e ry  
c lo s e ly  w i t h  th e  m e c h a n ic a l c o n d i;  
; t i o n  f ig u r e d .  The c a n c e l lo u s  
t i s o u e  i s  a r ra n g e d  i n  s e r ie s  o f
d u p l ic a te  i n t e r s e c t i n g  a r c h e s ,  e ach  s e r ie s  i n  r e l a t i o n  t o  th e  a x is  o i 
i t s /
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i t s  p a r t i c u l a r  s e c t io n  o f  th e  bon e . 
Thus we p ro p o s e  t o  d e s c r ib e  a lam : 
: e l l a e  s y s te m  o f  th e  s h a f t ,  a sys tem  
o f  th e  n e c k ,  and a s y s te m  o f  th e  
h e a d , s in c e  th e  axes  o f  th e s e  d i - / i ;  
: s io n s  a re  i n  d i f f e r e n t  p la n e s .  The 
m a in  m e c h a n ic a l co lum n  o f  th e  s h a f t  
c o n s is t s  o f  th e  i n t e r s e c t in g  a rc h :
: w o rk  A -A . T h is  a rc h w o rk  r e s t s  bn 
th e  com pac t bone o f  th e  s h a f t  c irc u m  
j f e r e n c e ,  and e x te n d s  dow nw ards t o  
b e lo w  th e  le s s e r  t r o c h a n t e r .  C e n t r a l 
: l y  th e  f i b r e s  i n t e r s e c t  i n  th e  a x is  
o f  t h e  s h a f t , b u t  a re  c o n t in u e d  on:
: w a rd s  th ro u g h  th e  t h ic k n e s s  o f  th e  
c o lu m n ,th e  a p è x  o f  w h ic h  i s  i n  th e  r e g io n  o f  th e  t r o c h a n t e r i c  fo s s a .  
The m e d ia l l y  p la c e d  f i b r e s  b e lo n g  t o  a p r e s s u r e  s y s te m ,a n d  th e  l a t e r a l  
group t o  a t e n s io n  s y s te m , t e n d in g  r e s p e c t i v e ly  t o  be ' f l a t t e n e d ’ and  
'b e n t '  i n  b e a r in g  th e  b o d y  w e ig h t :  and  i t  w i l l  be n o te d  t h a t  th e  l a t :  
: t e r  g ro u p  e n t i r e l y  r e p la c e s  th e  com pac ta  o f  th e  s h a f t  w h ic h  cease s  
a t  th e  u p p e r  l i m i t  o f  th e  o r i g i n  o f  th e  s y s te m . The la m e l la e  s y s te m  
o f  th e  n e c k  i s  d is p o s e d  i n  a s im i l a r  m a n n e r, an a rc h w o rk  B - B , c o n s is t :
: in g  o f  tw o  i n t e r s e c t i n g  s y s te m s . On th e  com pact b o n y  w a l l  o f  th e  
m e d ia l s id e  o f  t h e  s h a f t  a n d  u n d e r  s id e  o f  th e  n e c k  th e r e . . . r e s ts  a, , 
sys tem  r a d ia t i n g  u p w a rd s  to w a rd s  th e  u p p e r  P a r t  o i  th e  h e a d . T h is  
i s  th e  m a in  s y s te m  o f  th e  n e c k , th e  ' p re s  u re  t r a n s m is s io n  co lum n  
b e tw e e n /
F i g . 3 8 .
The m e c h a n ic a l d e s p o s i t io n  o f  
the  s p o n g io s a  o f  t h e  fe m u r .
9 1 .
between th e  head  a nd  th e  s h a f t .  The ' t e n s io n *  s y s te m  i s  a t  ache d  t o  
com pact l a y e r  o f  th e  u p p e r  s u r fa c e  o f  th e  n e c k ,  a n d  t o  th e  la m e l:  
; la e  sy s te m  o f  t h e  s h a f t ,  and  p a s s in g  to w a rd s  th e  lo w e r  p a r t  o f  th e  
head, b in d s  th e  'p r e s  .u re ' s y s te m  t o  th e  co lum n  o f  th e  s h a f t .  The 
la m e lla e  s y s te m  o f  th e  h e a d  i s  r e p r e s e n te d  b y  th e  s i m i l a r l y  c o n s t r u c t ;
; ed a rc h  w o rk  ©~C.
T h a t th e s e  s y s te m s  a re  d i s t i n c t  f ro m  one a n o th e r  c a n n o t 
be d e m o n s tra te d  s a t i s f a c t o r i l y  i n  th e  a d u l t  b o n e , f o r  i n  th e  p ro d u c ;
; t io n  o f  t h e  a d u l t  s t r u c t u r e  t h e r e  a re  tw o  m o d if y in g  in f lu e n c e s .
F i r s t l y  t h e  s y s te m s  a re  n o t  e q u a l l y  n o r  u n i f o r m ly  d e v e lo p e d , so t h a t  
w h ile  i n  c e r t a in  p la c e s  t h e r e  i s  a f u l l  r e t e n t i o n  o f  th e  a p p r o p r ia te  
system , i n  o t h e r  p o s i t i o n s  th e  a r  angem ent o f  th e  c a n c e l lo u s  t i s s u e  is  
noK fc-sys tem a tic  o r  ' i n d e t e r m in a t e * .  S e c o n d ly  t h e r e  i s  th e  d e v e lo p m e n t 
o f  a se e m in g  c o n t i n u i t y  b e tw e e n  th e  sys te m s  o f  t h e  d i f f e r e n t  r e g io n s  
in to  w h ic h  th e  bone  e x t r e m i t y  h a s  been  d iv id e d .  E x a m in a t io n  o f  a 
young b o n e ,h o w e v e r , ( s a y  10 y e a r s )  P ig ,  84 . d e m o n s tra te #  th e  o r i g i n a l  
fu n d a m e n ta l s e p a r a t io n  o f  th e  s y s te m s  o f  th e  h ea d  f ro m  th o s e  o f  th e  
s h a f t  and  n e c k  b y  th e  e p ip h y s e a l c a r t i l a g e , and  th e  abse nce  o f  th e
e p ip h y s is  o f  th e  g r e a t  t r o c h a n t e r  s im : 
; p l i f i e s  th e  a n a ly s is  o f  th e  sys te m s  o f  
t h e  s h a f t .  I n  th e  head  th e  c a n c e l lo u s  
t i s s u e  i s  d is p o s e d  m a in ly  as  a p re s s u re  
s y s te m , th e  c u rv e s  o f  w h ic h  a re  v e r y  
f l a t ,  i n d i c a t i v e  o f  th e  h ig h  d e g re e  o f  
m e c h a n ic a l f u n c t io n .  The i n t e r s e c t in g  
't e n s i o n ' g ro u p  o f  la m e l la e  i s  p o o r ly
F ig .  54. ' d e v e l o p e d , and  te n d s  t o  ru n  t o  th e  m e d ia l
The c a n c e l lo u s  s y s te m s  a t
te n  y e a rs  o f  a g e . p a r t /
p a r t  0 1  th e  head. I n  t h e  n e c k  th e  'p r e s  .ure' g ro u p  o: fibres
pre-dominât68; it r e s t s  b e lo w  on a c o m p a ra t i e l y  short le n g t h  o.i th e
Ô
neck Gompa t a ,  b u t  s p re a u i% g  o u t  above  p r a c t i c a l l y  o e r  th e  w h o le
breadth of the epiphyseal surface of the neck. The cur es are again
remarkably f l a t .  I n t e r s e c t i n g  this 'pres ure' s y s te m , there is
q u ite  a definite, th o u g h  le s s  m a s s i-e  ' t e n s io n '  s y s te m  composée o i
la m e lla e  o f  v e ry  m uch s te e p e r  c u r v e s .  The s y s te m  of the shaft r e -
s ta in s  v e ry  much th e  p r e v io u s ly  d e s c r ib e d  f o r m a t io n .  The ' in a e te iv
:minate ' a re a s  ( x . x . x .  i n  fig.54.) a re  a l r e a d y  w e l l  defined, how i n
th e  a d u l t  t h e r e  i s  s im p ly  a f u r t h e r  s p e c ia l i z a t io n  o f  th o s e  sys te m s
already differentiated and  a development of a se e m in g  continuity be-
; tween th e  s y s te m s  o f  d i f f e r e n t  p a r t s ,  so t h a t  th e  interpretation of
th e  c la s s i c a l  d ia g ra m s  o f  MEYER o r  WARD i s  s i m p l i f i e d .  MEYER'B u fa :
: gram i s  reproduced i n  fig. 5 5 , and i s  self e x p la n a to r y .
T hough  d e s c r ib e d  as i f  t h e y  a re  continuously i n  th e
same p la n e ,  we w o u ld  s u p p o r t  DICKSON'S c o n te n t io n  t h a t  on reconstruc;
: t i o n  th e  la m e l la e  s y s te m s  w i l l  be fo u n d  d is p o s e d  i n  s p i r a l s .
As d e te r m in a n t  o f  th e  p o s i t i o n s  o f  th e  ' in d e t e r m in :
;a te  a r e a s ' t h e  a b se n ce  o f  d e f i n i t e l y  d i r e c t e d  s t r a i n  i s  p re d o m in a n t
and th e  c a n c e l lo u s  t i s  me is therefore n o t  ar anged ac o r d in g  t o  a n y
d e f i n i t e  p la n .  One s u c h  a t  Z ( f i g ,  5 5 ) i s  know n as ' WARD ' S t r i a n g l e  ■.
The c a lc a r  fe m o ra le  o f  MERKEL i s  a s h e l l  o f  bone
p la c e d  v e r t i c a l l y  i n  th e  c a n c e l lo u s  tissue and p r o je c t i n g  l a t e r a l l y
fro m  i t s  a t ta c h m e n t  on th e  lo w e r  p a r t  o i  th e  n e c k  and u p p e r  p a r t  o
the shaft. In the adult it is about # inches in depth, and placed
n e a r e r  th e  p o s t e r i o r  th a n  th e  a n t e r i o r  s u r ia c e  oj. th e  bone i s  d i r e c t .
; ed dow nw ards and  I 'o rw a rd s .  I n  r e l a t i o n  to  th e  s t a t i c s  Oi. th e  bone
i t  I'o rm s th e  p o s te r o - m e d ia l  b o u n d a ry  o i th e  m e c h a n ic a l co lum n cna
r e p r e s e n ts /
98.
P i g . 3 5 .
I n t e r n a l  s t r u c t u r e  o f  a d u l t  b o n e . (M EYER .).
A. P re s s u re  s y s te m  o f  s h a f t .
B. T e n s io n  s y s te m  o f  s h a f t  s e e m in g ly  c o n t in u e d  th ro u g h  C.
th e  t e n s io n  o f  th e  n e c k  t o  D . th e  t e n s io n  s y s te m  o f
th e  h e a d : d e s c r ib e d  b y  MEYER as a s in g le  s y s te m . .
E. P re s s u re  s y s te m  o f  th e  n e c k  c o n t in u e d  t o  P . th e  p re s s u re
s y s te m  o f  th e  h e a d .
Gr. L a m e lla e  s y s te m  o f  th e  g r e a t  t r o c h a n t e r  i s  o f  f i b r e s
p a r a l l e l  t o  th e  s u r fa c e  in t e r s e c t e d  b y  th o s e  a t  
r i g h t  a n g le s :  th e  l a t t e r  a re  b y  some w r i t e r s  d e s c r ib e d  
as  i n  c o n t i n u i t y  w i t h  t h e  p re s s u re  s y s te m  A . o f  th e  
s h a f t .
re p re s e n ts  th e  ’’ c o n c e n t r a t io n ” o f  th e  p re s s u re  sys te m s  o f  th e  n e c k  
and s h a f t  i n  th e  d i r e c t  l i n e  o f  th e  i n e r t i a l  momentum o f  th e  t r u n k  
on th e  fe m u r .  I n  r e g a r d  t o  i t s  d e v e lo p m e n t, oases have  been d e s c r ib e d  
o i i t s  a b se n ce  i n  t h e  a d u l t  b o n e , b u t  a b o u t th e  4 t h . y e a r  we have  
fo u n d  i n d ic a t i o n s  o f  th e  p re s e n c e  o f  th e  p o s t e r io r  i n f o l d i n g .  The 
e a r l i e s t  a p p e a ra n c e  o f  th e  a n t e r i o r  c a lc a r  was a b o u t th e  1 4 th - 1 6 th .  
y e a r . /
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year* I t  h a s  p re  . i o u s l y  heen  shown t h a t  th e  o a lc a r a  a i'6  .'o inpao t 
b o n e ,and they ai-e so irom the commencement of their .ormation; t h a t  
is  th e y  a re  n o t  .. or me a i n  situ by a compression together o^ e l c -  
; ment 8 o i th e  s p o n g io s a .  T he y  r e p r e s e n t  " r e t e n t io n s  o_: th e  compa -t 
wall of the neck within the substance of the bone alter the growth 
of the circumierence, (BOLDER) and as already indicated there is no 
statio column outside their grasp either in the form of compact layer 
or o f s y s te m a t is e d  s p o n g io s a .  The s p o n g io s a  i s  laid down in th e  
e a r ly  d e v e lo p m e n t o_ bony t i s s u e ,  but th e  r e t i c u lu m  i s  much m ore 
dense th o u g h  muc^h m ore th a n  a t  later periods. The 'p r e s s u re
systems a re  d e f in e d  e a r l i e r  th a n  th e  ' t e n s io n '  s y s te m s .
A t  some p e r io d  after th e  5 0 th .  y e a r  th e  spongiosa may 
become th e  s e a t  of a s lo w  p r o g r e s s iv e  reabsorbtion,orteoporosis sen; 
: i l e .  T h is  c o n d i t io n  i s  a p a t h o lo g ic a l  one : i t  i s  g e n e r a l is e d
th ro u g h o u t th e  w h o le  s k e le to n ,  ana  i n  s u c h  a bone as th e  femur th e  
" in d e te rm in a te  o r  n on  s y s te m a t is e d  c a n c e l lo u s  t i s s u e  i s  f i r s t  a f . 
Jfected. Thus we ha e held that these changes are not normal( .post) 
and th e y  c e r t a i n l y  do n o t  r e s u l t  as th e  ' g i  " in g  o l  th e  bone due t o  
lo n g  s u s ta in e d  m e c h a n ic a l s t r a i n .  I n  i t s  progressive c o u r s e ,h o w e ve r, 
the condition ultimately af ects the mechanical systems,and finally 
even th e  ' c a lo a r a  f e m o r a l ia  ' i n  common w i t h  th e  w h o le  c o r te x  , see 
that there is the liability to Iraoture of the neck ol the lemuiv 
th ro u g h  th e  i n a b i l i t y  t o  r e s o l  'e ev^en n o rm a l s t a t i c  c o n d i t io n s .  The 
f r a c t u r e  m os t com m only o c c u rs  a t  one of two positions, depending en. 
: t i r e l y  on the mode o f  application of the causative strain. I., th e  
f r a c t u r e  i s  due t o  a f a l l  on th e  f e e t ,  or so t h a t  th e  s t r a i n  t r a  e ls  
th r o u g h /
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th ro u g h  th e  le n g t h  o f  th e  le m u r ,  th e  f r a c t u r e  i s  s u b . - a p i t a l ,  a t  th e  
ju n c t io n  o l th e  h e a u  and  n e c k .  th e  s t r a in , h o w e v e r , i s  a p i l i e u  in
the  a x is  o f  th e  n e c k ,  s u c h  as I ro m  a j a i l  on th e  g r e a t  t r o c h a n t e r ,
th e  f r a c t u r e  o c c u rs  a t  th e  base  o.l th e  n e c k , m e d ia l t o  th e  c a p s u la r  
a tta c h m e n t in  f r o n t ,  l a t e r a l  t o  th e  a t  a c h m e n t b e h in d . I n  t h i s  l a t t e r  
group th e r e  i s  a s e c o n d a ry  l o n g i t u d i n a l  f r a c t u r e  o f  th e  g r e a t  trochan*. 
; t e r  due t o  th e  c h i s e l  s p l i t t i n g  a c t io n  o f  th e  p o s t e r io r  c a lc a r  le m .
; o ra le  on th e  c a n c e l lo u s  t i s s u e s  o f  th e  t r o c h a n t e r  (THOMPSON).
/
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The s e c o n d a ry  f r a c t u r e  o f  th e  g r e a t  t r o c h a n t e r  i n  f r a c t u r e  o l th e  
n e c k .  M o d i f ie d  f ro m  THOMPSON.
R e g a rd in g  th e  p o s i t i o n  o f  t h e  l im b  i n  f r a c t u r e s  o f  th e  n e c k  th e  ex : 
e te r n a l r o t a t i o n  i s  n o t  due t o  th e  a n t e r i o r  d i r e c t i o n  o f  t h e  n e c k  o i 
th e  fe m u r: b u t  i s  th e  r e s u l t  o f  th e  p re p o n d e ra n c e  o f  th e  e x t e r n a l  ro :
: t a t o r s  and  o f  t h e  a s y m e try  o f  th e  mass d i s t r i b u t i o n  o f  th e  s o x t  p a r ts  
ro u n d  th e  lo n g  a x is  o f  th e  b o n e , th e  l a t e r a l  p a r t s  b e in g  h e a v ie r  th a n  
th e  m e d ia l.
8./
96.
8. THE DENERdj Æ .TO M Y  OF THE ^C E T fB ULUM.
The a c e ta b u lu m , th e  p a s s i . e  e le m e n t o f th e  h ip  j o i n t ,  i s  
an a lm o s t h e m is p h e r ic a l  c a v i t y  i n t o  w h ic h  th e  h e a u  o. th e  le m u r i s  
re c e iv e a .  I t  c o n s is t s  p a r t l y  o f  bone ana  p a r t l y  o i  f i b r o u s  ana  f i b r o -  
c a r t i la g in o u s  t i s s u e s .  The b o n y  p a r t  i s  form ed, b y  th e  f u s io n  o^ th e  
com ponents o f  th e  os innom & na tum  a t  t h e i r  m ost m a s s iv e  p o r t io n s ,  ana 
the  p r o p o r t io n a l  r e p r e s e n t a t io n  o f  th e  i l i u m  i s  a l i t t l e  le s s  th a n  
t w o - f i f t h s  o f  th e  w h o le ,a n c  o f  th e  is c h iu m  a l i t t l e  more th a n  tw o -  
f i f t h s  . The p e r ip h e r a l  p a r t  o f  th e  b o n y  h e m is p h e re  i s  in t e r r u p t e d  in  
i t s  lo w e r  p a r t  b y  th e  a c e t a b u la r  n o tc h ,  o r  p a r t i a l  p e r s is ta n c e  o r  an 
e m b ryo n ic  i n t e r v a l  b e tw e e n  th e  p u b ic  and. i s c h i a l  e le m e n ts ;  ana 
s im i l a r ,  th o u g h  le s s  c o n s ta n t  and  much s m a l le r ,  i n t e r r u p t io n s  a re  
fo u n d  b e tw e e n  th e  o t h e r  c o m p o n e n ts . The b o n y  a c e ta b u lu m  i s  d i v i s i b l e  
in to  tw o  d i s t i n c t  a r e a s ,  a p e r ip h e r a l  a r t i c u l a r  a r e a ,  and a c e n t r a l  
n o n - a r t i c u la r  p o r t i o n .  The a r t i c u l a r  p a r t  o f  th e  a c e ta b u lu m  (_ a c ie s  
lu n a ta )  i s  a h o rs e  shoe  shaped  s u r fa c e  l i n i n g  th e  w a l l  o f  th e  h o l lo w  
and i n t e r  u p te d  a t  th e  a c e t a b u la r  n o tc h  so t h a t  i t  p o s s e s s e s  tw o  
e x t r e m i t ie s  o r  'h o r n s ' .  f i t h i n  t h i s  a r t i c u l a r  s u r fa c e  l i e s  th e  n o n -  
a r t i c u l a r  a r e a , ( f o s s a  a c e ta b u l i , )  d e p re s s e d  b e lo w  th e  le v e l  o i  th e  a r :
: t i c u l a r  bone and open b e lo w  i n t o  th e  a c e ta b u la r  n o tc h :  i n  i t  a re  
lo d g e d  a mass o f  f a t t y  t i s s u e  and  th e  l i g . t e r e s .  The i n t e r r u p t i o n  a t  
th e  a c e ta b u la r  n o tc h  i s  i n  m a jo r  p a r t  e l im in a te d  i n  th e  r e c e n t  s t ^ t c  
by  th e  t r a n s v e r s e  l ig a m e n t  o f  t h e  a c e ta b u lu m  c o m p le t in g  th e  m a rg in a l 
c ir c u m fe re n c e .  A t ta c h e d  t o  th e  b o n y  r im  and  t o  th e  l a t e r a l  b o iu e i  
o f  th e  t r a n s v e r s e  l ig a m e n t  i s  th e  c o t y lo i d  l ig a m e n t , ( la c ru m  g le n o i .  
: d a le )  a r i n g  o f  f i b r o - c a r t i l a g i n o u s  s t r u c t u r e .
I n t o  th e  fo r m a t io n  o f  t h e  a c e ta b u lu m , th e r e !o r e , t h e r e
e n t e r /
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e n te r  tw o  s t r u c t u r a l  u n i t s .  T h e re  i s  a b o n y  p a r t ,  a r t i c u l a r  anu  n o n - 
a r t i o u l a r ,  ana  a f i b r o u s  p a r t  maae up o f  n o t y lo ia  anu  t r a n s  e rs e  l i g a ;  
;m e n ts , anu  th e  ro u n a  l ig a m e n t  ana  Ha - e r s ia n  pad  o f  i a t .  The r o le  
o f  th e  l a t t e r  g ro u p  o f  s t r u c t u r e s  i n  th e  f o r m a t io n  o:i th e  fe m a l© - 
a r t i c u l a r  e le m e n t o f  th e  h ip  j o i n t  w i l l  be d is c u s s e d  when d e a l in g  
w ith  i t s  d e v e lo p m e n t and  w i t h  c e r t a in  a s p e c ts  o f  th e  a r t i c u l a r  mech; 
:a n is m . P r im a r i l y ,  h o w e v e r , i t  i s  n e c e s s a ry  t o  d e s c r ib e  i n  some ae; 
: t a i l  th e  e s s e n t ia l  a r t i c u l a r  co m p o n e n t, t h e  b o n y  a c e ta b u lu m , ana th e  
a d u l t  an a to m y  o f  th e  o th e r  e le m e n ts .
A . The o s s e o u s  a c e ta b u lu m :-  On a n t e r o - p o s t e r io r  
s e c t io n  th e  b o n y  a c e ta b u lu m  s u b te n d s  an a n g le  o f  1 7 0 ^  t o  1 7 5 ^ , so t h a t  
i t s  p e r ip h e r a l  r im  i s  p la c e d  j u s t  m in im a l t o  th e  s p h e r ic a l  e q u a to r .
I t s  a c t u a l  s iz e , ,  h o w e v e r , l i k e  t h a t  o f  th e  h ea d  o f  th e  f e m u r , is  a lm o s t 
c e r t a in l y  i n d i c a t i v e  o f  th e  se x  o f  th e  bone t o  w h ic h  i t  b e lo n g s .  " I n  
th e  m a le  th e  a v e ra g e  d ia m e te r  i s  5 ,2  cms. th e  s m a l le s t  b e in g  4 .5  cms. 
and th e  l a r g e s t  5 .7 5  cms; i n  th e  fe m a le  th e  a v e ra g e  m easurem ent i s  
4 ,6  cm s., th e  ra n g e  b e in g  f ro m  4 ,3  t o  5 .2  cm s. " (DERRY) . The s iz e  
o f  th e  a c e ta b u lu m  t h e r e f o r e  i s  n o t  m e re ly  r e l a t i v e  t o  th e  s iz e  o.. 
th e  os in n o v p in a tu m  a s  a w h o le  b u t  t h e r e  e x i s t s  an  a b s o lu te  d i f f e r e n c e  
be tw een  th e  s e x e s . The p o s i t i o n  o f  th e  a c e ta b u lu m , i t s  a x i s ,  ana 
i t s  c u r v a tu r e  fo rm  th e  s u b je c ts  o f  s u c c e e d in g  p a ra g ra p h s ,  b u t  g e n e r :
: a l l y  s p e a k in g  i t  i s  p la c e d  o b l i  q u e ly  so t h a t  i t s  a x is  i s  d i r e c t eu 
fo rw a r d s ,  o u tw a rd s  and  dow nw ard s , th o u g h  in  t h i s  re s p e c t  t h e r e  a re  
in d i v i d u a l  a n d  p r o b a b ly  d e f i n i t e  s e x u a l d i f f e r é n o e s .  The f r e e  m a rg ir  
o f  th e  a c e ta b u lu m  i s  u n d u la t in g ,  and i s  so i n d i c a t i v e  o f i t s  fo rm a : 
; t i o n ;  f o r  a t  th e  p la c e s  o f  f u s io n  o f  i t s  e le m e n ts  th e r e  a re  le i- e s -
: s io n s  in w a r d s , ( c o n c a v i ta s  s u p e r c i l i i  a c e t . HYRTL,) and  be tw e e n  
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th e s e  th e r e  a re  e x c u r s io n s  o u tw a ro s  o i  a l l  t h r e e  b o n e s . The r e ^ e s -  
: s io n  b e tw e e n  th e  i l i u m  ana  th e  is c h iu m  i s  u s u a l l y  n o t  w e l l  m a rkea ; 
th a t  b e tw e e n  th e  i l i u m  ana  p u b is  i s  a lm o s t c o n s ta n t ;  th e  o th e r  b e - 
; tw een  th e  is c h io n  ana  th e  p u b ic  c o m b in a t io n  i s  th e  a c e ta b u la r  n o tc h ,  
w h ic h  i n  o n ly  a le w  ca s e s  i s  b r id g e d  b y  b o n e . The f a c ie s  lu n a t a ,  as 
a lre a a y  in d io a t e a ,  i s  p la c e a  on th e  m os t mass ic e  p o r t io n s  o i '^ h e  a c e t;  
: a b u la r  com pon en ts  and  i s  t h e  p e r ip h e r a l  p a r t  o l th e  b o n y  c a u i t y .
In  v i r t u e  o f  i t s  shape  i t  o n ly  g r ^ s  th e  fe m o ra l head  a b o v e ,b e h in d ,  
and in  f r o n t , so t h a t  i n  th e  p e n d u lu m  m ovem ents o f  th e  l im b  t h i s  
s u r fa c e  i s  v e r y  c o m p a ra b le  t o  th e  s o c k e t  o f  a h in g e  j o i n t .  The
b ro a d e s t  p a r t  o f  th e  a r t i c u l a r  s u r fa c e  i s  on th e  i l i a l  p o r t io n ,  th e  
a c e ta b u la r  r o o f ,  a n d  on a n  a v e ra g e  m easu res  2 .5  c m s .; i t  n a r ro w s  
p o s t e r i o r l y ,  th o u g h  t h e r e  i s  a b ro a d e n in g  o u t  on th e  m id d le  o_ th e  
is c h iu m ; i t  i s  s m a l le s t  on th e  p u b ic  e le m e n t ,  b e in g  s c a r c e ly  1 .2 5  
cms. b ro a d . E x a m in a t io n  o f  th e  b o u n d a r ie s  o f  t h i s  s u r fa c e  shows 
t h a t  t h e y  do n o t  p u rs u e  a c i r c u l a r  c o u rs e  b u t  t h a t  th e y  a re  p a r t s  
o f  a s p i r a l  c u r v e .  T h is  i s  m o s t e v id e n t  i f  th e  p o s t e r io r  b o r d e r  is  
p la c e d  i n  a p e r p e n d ic u la r  p la n e , ( F IC K )  when on th e  r i g h t  s ia e  th e  
a n t e r io r  c o n t in u a t io n  w i l l  be fo u n d  t o  commence a r i g h t  w in c in g  
s p i r a l ,  and  t o  w in d  t o  th e  l e f t  on th e  l e f t  s i d e . ( f i g . 8 7 ) .
LEFT,
The c u rv e  o f  th e  l a t e r a l  b o r d e r  o f  th e  acetabulum, (after P IC K .)
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The a r t i c u l a r  , a r t i l a g e  c o v e r in g  th e  f a c ie s  l u n a t a , in com;
, mon with ĉ ll n i jc a  ve joint su r.:.a c e s , in c re a s e s  in thickness _ rom  the 
c e n t r a l  to w a ro s  th e  p e r ip h e r a l  b o r u e r ,  b e in g  ^ ro m  .6  t o  .9  m.m. i n t e r :  
onally ana ...rom .8 m.m.to 8 m.m. externally. The greatest thickness 
i s  p la c e d  s u p e r o - p o s t e r io r l y ,  w h i le  a n t e r i o r l y  and  i n t e r i o r l y  th e  c a r :  
,tilage is thinnest. It is therefore d e d u ce d  that the upper ana pos: 
:tei'ior parts Ou. the sickle ha-6 a g r e a t e r  fe m o r a l p re s s u r e  a u c l ie d  
to th e m , th a n  the a n t e r i o r  and  inferior parts, a fact in exact agree: 
:m e n t w i t h  th e  d e d u c t io n  made f ro m  a s tu d y  o f  th e  h e a d  o f  th e  .e m u r .
As will be shown later the antero-inferior parts are only s u b je c t  to 
pressure in maximal e x te n s io n  of the limb. It is o f t e n  p o s s ib le  to 
r e c o g n is e  the position oi u n io n  of the a c e t a b u la r  e le m e n ts  b y  a linear 
decrease in the a m oun t o f  c a r t i l a g e ,  in d ic a t e d  b y  the presence o.. a 
grey line, as a further stage of t h i s  d e c re a s e  of c a r t i l a g e ,  the a n : 
:terior end of the c a r t i l a g in o u s  sickle is not uncom m on ly  s e p a ra te d  
o i l  b y  a cartilage-free groove, the isolated c a r t i l a g e  b e in g  circular.
: ly shaped and c o - e x te n s iv e  with the p u b ic  area.
In the m id d le  of the a c e ta b u lu m  s u r ro u n d e d  b y  the a r t i c u l a r  
sickle but continued below into the a c e t a b u la r  notch is the foôsa 
a c e t a b u l i .  I t  i s  u n c o v e re d  b y  a r t i c u l a r  c a r t i l a g e  and  so i s  n o t  
re c k o n e d  as .part of the a r t i c u l a r  s u r fa c e :  it is not c o n c e rn e d  in the
transmission o:i.' i'emoral force,nor is it c o r r e c t  to state that the 
fossa is the groo e for the lig.teres. It s h o u ld  rather be re g a rd e d  
as an e l im in a t i o n  oi articular s u r fa c e  u n n e c e s s a ry  in th e  mechanism 
ol' the joint and comparable to the t r a n s v e r s e  line oi the ulna in the 
elbow joint. It is depressed below the level oi the articular p o r .  
: t i o n  -  a b o u t 8 t o  4 m .m . , -  b u t  t h i s  i s  e q u a l iz e d  i n  th e  r e c e n t  s t a t e  
by its c o n te n ts ,  th e  ro u n d  l ig a m e n t  and the articular pad  o± - a t .
T h e /
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I The fo s s a  i s  c o v e re d  b y  a t h i n  e a s i l y  d e ta c h e d  p e r i o s t i u m , s u p e r f i c i a l  
to  w h ic h  i s  th e  v e r y  l a x  f a t t y  t i s s u e  ( H a v e r s ia n  g l a n d ) . 
i: B . The t r a n s v e r s e  l i g a m e n t : -  T h is  s t r u c t u r e  c o n s is t s  o f
I th re e  p a r t s ,  one b e in g  th e  c o n t in u a t io n  o f  t h e  c o t y l o i d  l ig a m e n t .  The 
second p a s s e s  b e tw e e n  th e  a n t e r i o r  a n d  p o s t e r i o r  'h o r n s ’ o f  t h e  a r ;  
: t i c u l a r  a c e ta b u lu m  and  i s  d i r e c t e d  to w a rd s  th e  i n t e r i o r  o f  th e  c a v i t y :  
i i t  i s  fo rm e d  p u r e l y  o f  f i b r o u s  t i s s u e ,  c a r t i l a g e  c e l l s  b e in g  e n t i r e l yÎ a b s e n t.  E x t e r n a l  t o  t h i s  i s  t h e  t h i r d  p a r t  r u n n in g  as  o b l i q u e l y  p la c ;
; ed f i b r e s  b e tw e e n  th e  m a rg in s  o f  t h e  n o tc h  a nd  e x te n d in g  e ve n  t o  th e
u p p e r  p o s t e r i o r  a n g le  o f  t h e  o b t u r a t o r  fo ra m e n . The w h o le  l ig a m e n t
I
i s  o c c a s io n a l ly  o s s i f i e d .  B e lo w  th e  l ig a m e n t  t h e r e  i s  an  i n t e i v a l  
o f  w h ic h  m e n t io n  h a s  a l r e a d y  been  made i n  r e fe r e n c e  t o  th e  p a s s a g e  o f  
v e s s e ls  w i t h i n  th e  a c e ta b u lu m .  The le n g t h  o f  th e  l ig a m e n t  i s  a b o u t 
3 c m s . , i t s  b r e a d th  a b o u t  1 cm.
C. The c o t y l o i d  l i g a m e n t : -  The c o t y l o i d  l ig a m e n t  i s  a 
’ f i b r o - c a r t i l a g i n o u s  r i n g  w h ic h  n o t  o n ly  ’ l e v e l s  u p ’ t h e  s l i g h t  n o tc h e s  
. in  t h e  b o n y  m a rg in  b u t  b r id g e s  o v e r  th e  a c e t a b u la r  n o tc h :  v e r y  o f t e n ,
h o w e v e r, one o r  o t h e r  o f  t h e  o t h e r  r im  d e p re s s io n s  i s  a ls o  b r id g e d  
o v e r  b y  th e  l ig a m e n t  so t h a t  a g ro o v e  re m a in s  b e tw e e n  th e  l ig a m e n t  
and  th e  b o n e . P O IR IE R  h a s  d e s c r ib e d  s u c h  a s l i t  u n d e r  t h e  w h o le  
u p p e r  p a r t  o f  th e  l ig a m e n t .  On t r a n s v e r s e  s e c t io n  th e  c o t y l o i d  
l ig a m e n t  i s  a 3 - a n g le d  p r is m  w i t h  3 s u r fa c e s :  th e  a t ta c h e d  s u r fa c e  o r  
base  :
The o u t e r  s u r f a c e , s l i g h t l y  c o n v e x ,  a t  p a r t s  fu s e d  w i t h  t h e  
c a p s u le :
th e  in n e r  s u r f a c e , sm o o th  and  c o n c a v e , l y i n g  c lo s e ly  on t h e  . 
h e a d  o f  t h e  fe m u r ,  a nd  f o l l o w i n g  th e  c u r v a t u r e  o f  th e  a c e t :
: a b u lu m . '
The l ig a m e n t  c o n s is t s  o f  f i b r o - c a r t i l a g e  o n ly  to w a rd s  i t s  b a s e , th e  
f r e e /
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free boraer being oomposea solely of fibrous tissue,the individual 
fibres of which spreao^ obliquely into the ligament from the bony
m a ig in ,  ano, th e n  c o m p le te  a m ore o r  le s s  c i  r o u la  r  c o u rs e .  I t  i s  
a lm o s t  a lw a y s  p o s  i b l e ,  hoviTever, t o  f i n d  on th e  fe m o r a l s u r fa c e ,s u p e r ;  
. x i c . i a l l . y ,  i s o la t e u  c o m p le te ly  c i r c u l a r  f i b r e s ,  b u t  th e  u s u a l o e s c r ip ;  
. t i o n  that the ligament c o n s is t s  entirely o f  s u c h  f i b r e s  i s  n o t  c o r -  
; r e c t .  HEilLE h a s  a e s c r ib e a  on th e  femoral s u r fa c e  radially running 
f i b r e s  which may be traced on t o  t h e  cartilage o f  the articular s u r ;  
- fa c e  a s  f a r  as i t s  m e n ia l border, giving a direct suggestion to th e  
ia e a  o f  continuity between t h e  tw o  articular s u r fa c e s .  M o r p h o lo g ic a l ly  
we c o n s id e r  th e  l ig a m e n t  as u n o s s i f ie d  bone rather th a n  as  variously 
m o a i f ie d  synovial m em brane, K E IT H ; and th e  in c id e n c e  o f  i t s  modifica: 
: t i o n s  i s  r e la t e a  t o  th e  underlying c a u s a t io n  o f  i t s  n o n - o s s i f i c a t io n .
The base  o f  th e  l ig a m e n t ,  attached t o  th e  b o n y  r im ,  
i s  p la c e d  a t  th e  equator o f  th e  a c e t a b u la r  s p h e re  but continuing as 
i t  d o e s  th e  spherical curvature t h e  f r e e  s h a rp  border o f  th e  ligament 
i s  p la c e d  on a c u rv e  o f  smaller r a d iu s  th a n  t h a t  o f  th e  a c e ta b u lu m .
The m a r g in a l  r a d i u s ( i n  th e  m a le )  i s  2 .4  c m s .,  t h a t  i s  le s s  th a n  th e  
r a d iu s  o f  th e  a c e ta b u lu m  o r  th e  radius o f  th e  head o f  th e  femur: t h e  
a e p th  of t h e  c o m p le te  a c e ta b u lu m  i s  5 .3  c m s . , t h a t  i s  g r e a t e r  th a n
F ig .  3 8 . ,
The a v e ra g e  measurements o f  t h e  a c e ta b u lu m  in  th e  m a le
t h e /
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the r a d iu s  o i ' t h e  a c e ta b u lu m ,  so  t h a t  a l l  s e c t io n s  th r o u g h  th e  c e n t r e  
and in c lu s i v e  o f  th e  l ig a m e n t  a r e  a r c s  s u b te n d in g  a n g le s  g r e a t e r  th a n  
180^. I n  o r d e r  t h a t  l a t e r a l  m ovem ent o f  t h e  h e a d  o f  t h e  fe m u r  may 
occur i n  th e  m echan ism  o f  t h e  j o i n t  t h a t  p a r t  o f  th e  s p h e r i c a l  w a l l  
m axim al t o  1 8 0 ^  a n d  o f  d ia m e te r  le s s  th a n  th e  fe m o r a l  h e a d  m u s t 'r e m a in  
o f e x t e n s i le  s t r u c t u r e ,  a n d  a s  s u c h  i s  th e  c o t y l o i d  l ig a m e n t .  T h is  
lig a m e n t i s  p r e s e n t ,  th e n ,  n o t  t o  d e e p e n  th e  a c e t a b u la r  s o c k e t  b u t  t o  
d im in is h  i t s  o s s e o u s  e x t e n t .  F IC K  h a s  d ra w n  a t t e n t i o n  t o  th o s e  c a s e s  
in  w h ic h  t h e  l i g a m e n t . i s  c o m p le te ly  o s s i f i e d ,  a nd  s t a t e s  t h a t  th e  h e a d  
o f th e  fe m u r  w o u ld  n o t  th e n  be c a p a b le  o f  l a t e r a l  m ovem en t; i n  tw o
specim ens o f  t h i s  c o n d i t io n  w h ic h  we h a v e  ex angine d t h e  fe m o ra le  h e a d
was c a p a b le  o f  a n d  d id  u n d e r g o , on f l e x i o n  o f  t h e  l im b ,  a p p r e c ia b le  
l a t e r a l  m ovem en t, s in c e  t h e  o s s i f i e d  l ig a m e n t  d id  n o t  c o n t in u e  th e  
s p h e r ic a l  c u rv e  o f  th e  a c e ta b u lu m  b u t  was o f  r a d iu s  o f  e q u a l e x t e n t  t o  
the, b o n y  s o c k e t .  I n  f u n c t i o n  t h e  l ig a m e n t  i s  so c lo s e l y  a p p l ie d  t o  
th e  h e a d  o f  th e  fe m u r  i n  a l l  p o s i t i o n s  o f  t h e  l im b ,  th o u g h  i n  c e r t a in  
in c lu s io n  o f  t h e  fe m o r a l  s y n - o v ia l p a d s  m u s t be a l lo w e d ,  t h a t  th e  j o i n t  
c a v i t y  i s  " h e r m e t i c a l l y  s e a le d "  e ve n  t o  t h e  p a s s a g e  o f  s y n o v ia ,  a c o n : 
: d i t i o n  p r e v io u s ly  show n t o  b e  n e c e s s a r y  t o  t h e  a c t io n  o f  a n  o r g a n is e d  
a r t i c u l a t i o n .
9. THE MORPHOLOGY OF THE ACETABULUM.
Up t o  th e  t im e  o f  a p p e a ra n c e  o f  t h e  " j o i n t  c l e f t "  th e  
" a n la g e "  o f  th e  in n o m in a te  bone  i s  c o n t in u o u s  w i t h  t h a t  o f  t h e  fe m u r .
W ith  t h e  h is t o g e n e s is  o f  th e  f o r m a t io n  o f  t h e  c l e f t  we a r e  n o t  a t  p re s : |
;e n t  c o n c e rn e d  b e y o n d  t h e  s ta te m e n t  t h a t  we do n o t  c o n s id e r  t h e r e  i s  
e v id e n c e /
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Ê P ^ldenoe  o f  an  e x t r a - c a p s u la r  m e s o b la s t io  im m ig r a t io n ;  b u t . f a t h e r  t h a t
^ the  change o i  c e l l  t y p e  w h ic h  i s  i n c id e n t  t o  i t s  a p p e a ra n c e  i s  l o c a l ,
I  and i s  c o n c e rn e d  i n  th e  d e f i n i t i o n  o f  t h e  a r t i c u l a r  s u r fa c e s  b e fo r e  
th e  f o r m a t io n  o f  t h e  c l e f t I n  em b ryo s  2 .5  a n d  . 5 . cm s. lo n g ,  (5 0  
and 57 d a y s  MALL fo r m u la )  th e  p r im & t iv e  a c e ta b u lu m  i s  w e l l  fo rm e d ,  
and th o u g h  d i f f e r i n g  i n  c e r t a in  r e s p e c ts  f ro m  th e  a d u l t  s t r u c t u r e  i t  
i s  im p o s s ib le  t o  a g re e  w i t h  LOCKV/OOD " t h a t  t h e r e  i s  n o t  a t  f i r s t  a 
p e lv ic  s o c k e t  i n  w h ic h  th e  h e a d  o f  th e  fe m u r  l i e s " . T h e re  i s  a  w e l l  
d e v e lo p e d  s o c k e t  a t  th e s e  p e r io d s ,  w h ic h  th o u g h  n o t  w h o l l y  c o in c id e n t  
as c h o n d r a l  t i s s u e  w i t h  t h a t  o f  th e  h e a d  o f  t h e  fe m u r  i s  a t  l e a s t  c o ­
te rm in o u s  a n d  p r o p o r t io n a t e  i n  d e p th  as  an  a r t i c u l a r  s u r fa c e  i n  i t s  
e a r l i e s t  a p p e a ra n c e . The e a r l y  a c e ta b u lu m  i s  fo rm e d  b y  th e  i l i u m  
and is c h iu m  b u t  th e  p u b is  i s  p r e v e n te d  c o n t i g u i t y  w i t h  th e  h e a d  o f  
th e  fe m u r  b y  an  in t e r v e n in g  mass o f  u n d i f f e r e n t i a t e d  m e s o b la s t  and  
does n o t  t h e r e f o r e  t a k e  p a r t  i n  t h e  b o u n d a ry  w a l l  o f  th e  p r im a r y  s o c k : 
: e t .  ( I n  c o m p a ra t iv e  a n a to m y  th e  p u b is  i s  fo u n d  t o  be v e r y  v a r ia b le  
in  i t s  d e v e lo p m e n t , so  t h a t  w h i le  i n  some a n im a ls  i t  fo rm s  p a r t  o f  th e  
a c e ta b u lu m  — th o u g h  a lw a y s  th e  s m a l le s t  p a r t ,  -  i n  o th e r s  i t  d oe s  n o t  
re a c h  t h e  i l i u m  and  so  i s  e x c lu d e d  f ro m  t h a t  c a v i t y ) . R e la t iv e  t o  
th e  m e s o b la s t ,  w h ic h  i n  hum an o n to g e n y  e x c lu d e s  th e  p u b is  f r o m  th e  
a c e ta b u lu m , th e  j o i n t  c l e f t  d e v e lo p e s  i n  tw o  d i r e c t i o n s :  u p w a rd s  on 
i t s  f e m o r a l  s u r fa c e  a n d  dow nw ards  t h r o u g h  i t s  c e n t r e ,  so t h a t  t h e r e  
i s  fo rm e d  th e  l i g .  t e r e s  a s  p a r t  o f  t h e  e a r l y  o r  p r im & t iv e  c a p s u le  
and  c o n t in u o u s  m e d ia l t o  t h e  lo w e r  p a r t  o f  th e  c e n t r a l  c l e l t  w i t h  
th e  m a r g in a l  c a p s u le . ( v id e  a n te ) .  On th e  a c e t a b u la r  s u r fa c e  o f  th e  
l i g a m e n t /
1 . PETERSEN a n d  VON PRIELANLER h a v e  shown t h a t  t h e  shape  o f  th e  
a r t i c u l a r  s u r fa c e  i s  d e f in e d  b e fo r e  th e  c l e f t  i s  fo rm e d .
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l ig a m e n t  th e  r e m a in in g  m e s o b la s t  s p re a d s  fo r w a r d s  o v e r  t h e  p u b is  and
v a s o u la r is e s  i n  common w i t h  th e  c h o n d r a l  t i s s u e  o l ' t h a t  e le m e n t .  De:
«
; f i n i n g  th e  p r im a i t i  -e a c e ta b u lu m  a s  t h a t  a re a  o f  th e  in n o m in a te  bone  
w i t h in  w h ic h  th e  j o i n t  c l e f t  i s  b o u n d e d  a n d  t o  w hose  m a rg in s  th e  
p r i m i t i v e  c a p s u le  i s  a t t a c h e d , i t  i s  p o s s ib le  t o  r e c o g n is e  a f t e r  r e -  
; c o n s t r u c t io n  l o c a l  m o d if  i c a t i o n s  i n  t h e  p r e - c l io n d r iu m  i n  th e  p o s i :  
: t i o n s  o f  th e  f u t u r e  c o t y l o i d  a n d  t r a n s v e r s e  l ig a m e n ts  a n d  a s  d e fe c ts  
b e tw e e n  th e  e le m e n ts  on e i t h e r  s id e  o f  th e  p u b is ,  t h a t  b e tw e e n  th e  
is c h iu m  a n d  p u b is  b e in g  o f  c o n s id e r a b le  e x t e n t  and  w i t h  th e  i l i o ­
p u b ic  l i n e a r  m e s o b la s t io  r e t e n t i o n  c o m p le te ly  i s o l a t i n g  th e  c h o n d r a l 
p u b is  f ro m  th e  c h o n d r a l t i s s u e  o f  is c h iu m  a n d  i l i u m :  a n d  th e s e  m o d i: 
: f i c a t i o n s  a re  a r t i c u l a r  i n  th e  s e n s e  t h a t  t h e y  a r e  i n  c o n ta c t  w i t h  
th e  h e a d  o f  th e  fe m u r .  I n  r e g a r d  t o  th e  c o t y l o i d  l ig a m e n t  i t  i s  de :
: f i n e d  b e s t  o v e r  t h e  i s c h i a l  a n d  i l i a l  m a rg in s ,  a n d  i n  a l l  s i t u a t i o n s  
i s  p r e s e n t  as  a g r a d u a l t r a n s i t i o n  f ro m  th e  c h o n d r a l  t o  th e  f i b r o u s  
t e x t u r e  t h e r e  b e in g  n o  b o u n d a ry  b e tw e e n  t h e  b a s a l c a r t i l a g e  and  th e  
m a r g in a l  f i b r o u s  t i s s u e .  S im i la r  f a c t s  a r e  fo u n d  i n  th e  s t r u c t u r e  
o f  th e , p r im & t iv e  t r a n s v e r s e  l ig a m e n t ,  t h e r e  i s  no  d e m a rc a t io n  b e tw e e n  
th e  c a r t i l a g e  c e l l s  o f  i t s  l a t e r a l  a t ta c h m e n ts  a nd  th e  f i b r o u s  e le :
: m e n t8 o f  i t s  c e n t r a l  p a r t s .  S u p e r f i c i a l l y  a d h e r e n t  t o  b o th  l i g a -  
: m ents  i s  t h e  c o n t in u o u s ly  f i b r o u s  a n d  e a s i l y  d i f f e r e n t i a t e d  p r im a -  
: t i v e  c a p s u le .  These  l ig a m e n to u s  e le m e n ts ,  t h e n ,  a re  m o d i f ie d  p a r t s  
o f  th e  a r t i c u l a r  a c e ta b u lu m  a n d  a r e  m o r p h o lo g ic a l  d e r i v a t i v e s  o i  th e  
in n o m in a te  bone  ( f i g . 3 9 . )  R e g a rd in g  th e  s e p a r a t io n  o i  th e
p u b ic  c a r t i l a g e  f r o m  t h e  c o m b in e d  i 1 1 o - i s c h i a l  m a s s , so  f a r  t h i s  
h a s  b e e n  d e m o n s tra te d  o n ly  i n  t h e  hum an s u b je c t ,  (ROSENBERG-): i n
o t h e r /
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o th e r  m am m a lia  th e  o s s i f i c a t i o n s  o f  t h e  f o u r  p e l v i c  hone  e le m e n ts
ILIUM.
PUBISISCHtU
P ig .  3 9 .
A r e c o n s t r u c t i o n  o f  t h e  a c e ta b u lu m  o f  a  3 . cm. e m b ry o .
a re  d e s c r ib e d  a s  o c c u r r in g  i n  a s in g le  c a r t i g e  'a n la g e '  (BROUN). The 
f o u r t h  co m p o n e n t o f  t h e  o s  in n o m in a tu m , th e  os a c e t a b u l i ,  now re c o g ;  
; n is e d  a s  a  d e f i n i t e  e le m e n t  i n  a l l  m am m a lian  o r d e r s  e x c e p t  m ono- 
; t r e m e s ,  ta k e s  p a r t  i n  th e  f o r m a t io n  o f  t h e  a c e ta b u lu m  i n  a g r e a t e r  
num ber o f  a n im a ls  t h a n  was in d ic a t e d  i n  i t s  e a r l i e s t  d e s c r ip t i o n  b y  
Q-ÈGENBAUER. T h is  a u t h o r  d e s c r ib e d  i n  M acacus t h a t  t h e  p u b is  was e x :
; e lu d e d  f r o m  th e  a c e t a b u la r  w a l l  b y  a " c a l c i f i e d  c a r t i l a g e " ,  and  
s u b s e q u e n t ly  d e te c te d  th e  a p p e a ra n c e  o f  a s i m i l a r  e le m e n t i n  k e p u s  
and C y n o c e p h a lu s : KRAUSE a f t e r  m ore  e x te n d e d  o b s e r v a t io n  h a s  i n d ie :
;a te d  t h e  t r u e  o s s e o u s  n a tu r e  o f  t h e  os  a c e t a b u l i ,  a n d  g ave  th e  f o l :
; lo w in g  d e s c r i p t i o n .  I t  l i e s  a n t e r i o r  t o  t h e  a c e t a b u la r  n o t c h  b u t  
i t s  e x is te n c e  a s  a s e p a ra te  e le m e n t ,  th o u g h  d i f f e r i n g  i n  d i f f e r e n t  
s p e c ie s ,  i s  o f  v e r y  s h o r t  d u r a t io n .  I t  may fu s e  p r i m a r i l y  w i t h  a n y  
o f  th e  o t h e r  e le m e n ts ,  b u t  m d s t s e ld o m  w i t h  th e  p u b is ;  i f  i t  does  
fu s e  w i t h  th e  p u b is  i t  fo rm s  t h a t  p a r t  o f  t h e  a c e ta b u lu m  w h ic h  
w o u ld /
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w o u ld  be ta k e n  b y  t h a t  e le m e n t .  I n  i t s  h ig h e s t  d e g re e  o f  d e v e lo p m e n t 
i t  i s  t h e  same t h ic k n e s s  as t h e  o t h e r  b o n e s  so t h a t  i t  a p p e a rs  on 
b o th  s u r fa c e s  o f  t h e  p e l v i s ,  b u t  m ore com m on ly  i t  i s  a s u p e r f i c i a l  
la m e l la e  a n d  d o e s  n o t  in t e r v e n e  m e d ia l l y  b e tw e e n  th e  i l i u m  a n d  th e  
is c h iu m .  I t  i s  a d e f i n i t e  p e l v i c  e le m e n t  and  n o t  a n  e p ip h y s is :  f o r  
i t  h a s  h o m o lo g ie s  t h r o u g h o u t  a l l  t h e  m am m alia  a n d  i t  f u s e s ,  n o t  w i t h  
a d e f i n i t e  b o n e , b u t  w i t h  a n y  o f  t h e  o t h e r  p e l v i c  com pon en ts  e ve n  
th o u g h  i t  i s  l a i d  down m uch l a t e r  th a n  t h e  o t h e r  e le m e n ts  ana  i t s  
o s s i f i c a t i o n  i s  n o t  b e g u n  when t h e  o th e r s  h a v e  assum ed t h e i r  d e f i n :
: i t e  o s s e o u s  fo rm .
I n  a f o e t u s  o f  4 m o n th s  th e  d ë f e c t  b e tw e e n  th e  c a r t i ;  
l ia g e s  o f  t h e  is c h iu m  a n d  p u b is  i s  p a r t i a l l y  o b l i t e r a t e d  b y  th e  f o r ;  
;w a rd  e x t r a - a r t i c u l a r  g r o w th  o f  th e  is c h iu m  t o  fo rm  th e  f l o o r  o f  t h e  
a c e t a b u la r  f o s s a .  A t  t h i s  p e r io d  and up  t o  t h e  6 t h .  -  7 t h .  m o n th  
th e  a c e ta b u lu m  i s  p r o p o r t io n a t e  i n  i t s  d e p th  t o  t h e  s iz e  o f  t h e  h e a d  
o f  t h e  fe m u r ,  th o u g h  a t  no  s ta g e  so f a r  i s  th e  c a v i t y  m ore th a n  
h e m is p h e r ic a l  i n  a s e c t io n  t h r o u g h  i t s  a x i s .  P rom  t h i s  p e r io d
o n w a rd s  t i l  t h e  3 r d .  -  4 t h .  y e a r s  th e  c a v i t y  i s  p r o p o r t i o n a t e l y  
s m a l le r  th a n  th e  fe m o r a l  h e a d , w h ic h  i s  t h e r e f o r e  g ra s p e d  i n  a le s s  
p e r f e c t  m a n n e r th a n  a t  l a t e r  p e r io d s  o f  f u l l  f u n c t io n :  b u t  we
c a n n o t a g re e  w i t h  VON AMMON t h a t  " th e  s o c k e t  i s  a s h a l lo w  s a u c e r  
sha p e d  d e p r e s s io n " . I t  h a s  n o t  d im in is h e d  f ro m  i t s  h e m is p h e r ic ,
: a l  e x t e n t .  A t  t h r e e  y e a r s  o f  age  th e  t h r e e  m a in  c o m p o n e n ts
o f  th e  a c e ta b u lu m  h a ve  c o n v e rg e d  i n  o s s i f i c a t i o n  t o  fo rm  th e  a c e t :
: a b u lu m  b u t  a r e  s t i l l  s e p a ra te d  b y  in t e r v e n in g  c a r t i l a g e ,  w h ic h  i s  
t h u s /
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th u s  t r i - r a a i a t e .  I n  t h i s  c a r t i l a g e  a b o u t tw e lv e  y e a r s  a d d i t i o n a l
c e n t r e s  o l  o s s i f i c a t i o n  a p p e a r ,  a n d  as a g e n e r a l r u le  j o i n  w i t h  t h e  
b o u n d a ry  b o n e s . One o f  th e s e  o s s ic le s  fo rm s  th e  in d e p e n d e n t  os
a c e t a b u l i  w h ic h  s u b s e q u e n t ly  fu s e s  w i t h  and c o n s t i t u t e s  th e  a c e ta b u l :  
: a r  p a r t  o f  t h e  p u b is ,  o r  m ore r a r e l y  may re m a in  s e p a r a te .  A t
s ix t e e n  y e a r s  t h e  o s s i f i c a t i o n  o f  t h e  a c e ta b u lu m  i s  u s u a l l y  c o m p le te .
C o n g e n ita l  d i s l o c a t i o n  o f  th e  h ip  i s  a lo s s  o f  
th e  p r im a r y  c o n t a c t  b e tw e e n  th e  fe m o r a l  head  and t h e  a c e ta b u lu m , n o t  
t r a u m a t ic  o r  th e  r e s u l t  o f  d is e a s e  b u t  as a m a lfo r m a t io n  due t o  th e  
lo s s  o f  j o i n t  s t a b i l i t y .  The c o n d i t io n  i s  d e s c r ib e d  as  o c c u r r in g
i n  th e  f o e t u s ,  a t  b i r t h ,  o r  a f t e r  b i r t h ,  b u t  th e  m a jo r i t y  o f  w r i t e r s  
a re  a g re e d  t h a t  i t  ta k e s  p la c e  i n  e a r l y  in f a n c y ,  a nd  t h a t  th e  p r e -  
: d is p o s in g  f a c t o r  i s  a n  im p e r f e c t  s o c k e t  w h i le  t h e  r a t i o n a l  m ove- 
; m en ts  o f  t h e  l im b  i n  f l e x i o n  and  e x te n s io n  fo rm  th e  e x c i t i n g  c a u s e . 
(PRO LICK, VOGEL, TUBBY, BADE, THOMPSON, e t c . )  The a n a to m ic a l
c h a n g e s  w h ic h  h a v e  b ea n  in d ic a t e d  a s  u s u a l l y  p r e s e n t  a r e ,  t h a t  th e  
n e c k  o f  th e  fe m u r  i s  a n t e v e r t e d ,  s h o r te n e d  and  d e p re s s e d ; t h a t  t h e  
l i g .  t e r e s  i s  p r e s e n t  i n t a c t  b u t  m o d i f ie d  i n  t h a t  t h e r e  i s  a g r e a t  
in c r e a s e  o f  i t s  le n g t h ;  a n d  t h a t  th e  a c e ta b u lu m  i s  s m a ll  and f l a t .
I t  i s  n e c e s s a r y ,  h o w e v e r ,  t o  d i s t i n g u i s h  w h e th e r  th e s e  ch a n g e s  a re  
r e a l l y  th o s e  o f  th e  o r i g i n a l  m a lfo r m a t io n  o r  w h e th e r  t h e y  a re  n o t  
e n t i r e l y  s e c o n d a ry  t o  t h e  u s e  o f  th e  m a lfo rm e d  p a r t s .  • We h a ve  
a l r e a d y  c o n s id e r e d  th e  fe m o r a l  a b n o r m a l i t ie s  and  in d ic a t e d  t h e i r  
s e c o n d a ry  n a t u r e .  I n  r e g a r d  t o  t h e  le n g th e n in g  o f  t h e  l ig a m e n tu m
t e r e s /
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t e r e s  we w o u la  h o le  t h a t  t h i s  J u s t i f i e s  th e  c o n c lu s io n  t h a t  th e  a i s ;
; l o c a t i o n  h a s  b ee n  o f  g r a d u a l o n s e t ;  f o r  we h ave  show n t h a t  th e  heaa
o f  th e  fe m u r  may n o t  a t  a n y  p e r io d  be d is p la c e d  f r o m  i t s  s o c k e t
w i t h o u t  a r u p t u r e  o f  t h a t  b a n d . The a c e ta b u lu m  i s  m o s t o f t e n  i n —
: d ic a t e a  as th e  s t r u c t u r e  a e v e lo p m e n ta l ly  a t  f a u l t ,  b u t  we w o u la  b e -
; l i e v e  t h i s  a ls o  a s e c o n d a ry  c h a n g e ; f o r  i t  i s  w e l l  know n  t h a t  t h e
o p p o s in g  j o i n t  s u r fa c e s  d e p e n d  on th e  c o n ta c t  e s t a b l is h e d  b e tw e e n
th e m  f o r  t h e i r  c o n fo r m a t io n  o r  'm o u ld in g ' ;  and  th e  a b se n ce  o f  t h i s
c o n t a c t  w o u ld  be s u f  i c i e n t .  t o  a c  o u n t  f o r  a n y  m a rke d  s h a l lo w n e s s
o f  th e  c a v i t y .  We w o u la  p u t  f o r w a r d  t h e  f o l l o w i n g  v ie w  as  a c o n ;
: t r i b u t i o n  t o  th e  e t i o l o g y  o f  th e  c o n d i t i o n .  The s u r fa c e s  o f  th e
h ip  j o i n t  a re  i n  m a x im a l c o n ta c t  i n  e x te n s io n  a n d  a b d u c t io n  o f  th e
l im b  b u t  m in im a l ly  so i n  t h e  f o e t a l  p o s i t i o n  o f  f l e x i o n  a n d  a d d u c t io n ,
(s o  t h a t  a t  b i r t h  th e  a c e ta b u lu m  i s  n o t  p r o p o r t io n a t e  i n  i t s  d e p th
t o  t h e  s iz e  o f  th e  f e m o r a l ; )  and  i n  th e  a b s e n c e  o f  t h a t  f a c t o r
A
w h ic h  was th e  m a in  e le m e n t i n  t h e  e s ta b l is h m e n t  and  r e t e n t i o n  o f  
j o i n t  c o n t a c t ,  t h a t  i s  m u s c u la r  to n u s ,  th e  s e p a ra te d  s u r fa c e s  w i l l  
n o t  assum e a p p o s i t io n  b u t  w i l l  be r e l a t i v e l y  a n d  g r a d u a l l y  f u r t h e r  
d is p la c e d  on t h e  a p p l i c a t i o n  o f  th e  b o d y  w e ig h t  on  th e  lo w e r  l im b s  
i n  c r a w l in g  and  w a lk in g .
due ..clcvl  ̂_ .'<02 , , : ,
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1 .  T m _ M C K  OF THE FEMHR nB A BTATIO PRDHT.EM
The a n g u la t io n  o i t h e  l im b s  i s  a b e n e f i c i a l  s t r u c t u r a l  
a d a p t a t io n  t o  th e  m e c h a n ic a l r e q u ir e m e n ts ,  and i n  c o n n e c t io n  w i t h  th e  
p r o x im a l  com ponen t oj. t h e  w e ig h t  t r a n s m i t t i n g  c o u p le  o f  w h ic h  e ach  
l im b  c o n s is t s ,  t h e  tw o  p o in t s  o f  p a ra m o u n t im p o r ta n c e ,  so  f a r  as th e  
p r e s e r v a t io n  o f  s t a b i l i t y  i n  th e  s e n s e  o f  f o r m in g  an  e f f i c i e n t  meoh: 
; a n i c a l  s u p p o r t  i s  c o n c e rn e d ,  a r e  th e  le n g t h  o f  t h e  com pon en t a n d  i t s  
d e g re e  o f  a n g u la t io n  t o  t h e  d i s t a l  e le m e n t .
A . The le n g t h  o f  t h e  n e c k : -
The p u r p o s iv e  n e c e s s i t y  o f  th e  e s s e n t i a l l y  human c h a r a c te r :  
: i s t i c  o f  th e  c o m p a r a t iv e ly  g r e a t  le n g t h  o f  t h e  n e c k  o f  th e  fe m u r  h a s  
b e e n  a s s ig n e d  t o  v a r io u s  f u n c t i o n a l  c a u s e s ,m o s t o f  w h ic h  a re  open  t o  
t h e  o b je c t io n  o f  b e in g  s im p ly  s ta te m e n ts  o f  f a c t  o f  th e  e x i s t i n g  con ; 
; d i t i o n s  a n d  .n o t  e x p la n a t io n s  o f  th o s e  r e a l l y  a s s o c ia te d  c irc u m s ta n c e s *  
F o r  e x a m p le , i t  i s  n o t  n e c e s s a ry  t o  le n g th e n  th e  fe m o r a l  n e c k  i n  o r -  
; d e r  t o  o b t a in  a g r e a t e r  am oun t o f  a d d u c to r  m u s c le ; r a t h e r  i t  s h o u ld  
be s a id  t h a t , t h e  n e c k  o f  th e  fe m u r  b e in g  le n g th e n e d ,a  g r e a t e r  am oun t 
o f  a d d u c to r  m u s c le  w i l l  become a n  a b s o lu te  n e c e s s i t y .  The le n g t h  o f  
th e  n e c k  o f  t h e  fe m u r  i s  r e a l l y  p r o p o r t i o n a l  t o  th e  b r e a d th  o f  th e  
p e l v i s .
W ith  th e  in c r e a s e  o f  t h e  p e l v i c  t r a n s v e r s e  d ia m e te r  i n  
r e l a t i o n  t o  t h e  p e l v i c  a n t e r o - p o s t e r io r  d i a m e t e r t h e r e  h a s  bee n  a
1 . T o p in a r d ,  A n th r o p o lo g y  p . 5 0 5 .
D u c k w o r th ,A n th r o p o lo g y  p . 2 9 5 .show s t h i s  b y  means o f  an  in d e x  
( m o d i f ie d  f ro m  T o p in a r d , )  w h e re  when th e  t r a n s v e r s e  d ia m e te r  i s  
1 0 0 , t h e  a n t . - p o s t . d ia m e te r  i s  a s  f o l l o w s ; -  
E d e n t a t s . . .1 3 8  L e m u r o id ia . 1 .1 4 4
R o d e n t ia . . .1 5 5  C e b id a e  . . . . . 1 3 6
C a r n iv o r a . .1 3 2  C h im p a n z e e .. .  97
U n g u la t a . . .1 2 3  G o r i l l a . . . . . .  79
H o m id a e . . 7 5 . ( T u r n e r , C h a l l . R e p t . ,  a v e ra g e  o f  
w h i t e  r a c e s . )
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a c o n c o m ita n t  in c r e a s e  i n  the d iv e rg e n c e  o f  th e  l i n e s  o f  weight p r o :  
; p a g a t io n  f ro m  th e  / e r t e b r a l  co lu m n  t o  th e  lower l im b s .  F o r ,  w hen th e  
a n t e r o - p o s t e r io r  m e a s u re m e n ts  are more c a r e f u l l y  analysed, i t  w i l l  be 
found t h a t  t h e  reduction i s  purely o f  the p o s t - a c e t a b u la r  part o f  
th o s e  m e a s u re m e n ts : th e  p r e - a c e t a b u la r , on the other hand,undergoes
a r e l a t i r e  in c r e a s e  c o n c o m ita n t  w i t h  t h e  in c r e a s e  o f  t h e  t r a n s v e r s e  
diameter, (figs.40 and  4 1 . )  I n  T a b le  2 .the measurements carried o u t  
a n d  t h e  m e th o d s  o f  comparison a d o p te d  a re  e x p la in e d , s h o w in g  t h i s  r e -  
: l a t i o n s h i p  o f  t h e  v a r io u s  p e l v i c  m e a s u re m e n ts  to * o n e  a n o th e r .  W h ile  
n o t  seeking t o  dissociate t h e  f i n a l  c o r r e l a t i o n  o f  th e  c a u s a t iv e  fac: 




F i g . 4 0 .
The p e l v i s  o f  a  human fT h a s  been d ra w n  t o  a d e f i n i t e  scale, 
a nd  d ra w n  t o  th e  same s c a le  th e  p e l v i s  o f  a S  puma h a s  bee n  
superimposed. Note th e  a m oun t o f  d iv e rg e n c e  o f  th e  c o t y lo -  
s a c r a l  l i n e s  depends on th e  p o s i t i o n  o f  t h e  inter-acetabular 
d ia m e t e r .
s t a t e d  for th e  purposes o f  th e  present thesis, t h a t  w i t h  th e  increase 
i n  th e  transverse to w a rd s  and g r e a t e r  th a n  th e  antero-posterior p e l :  
d v i c /
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p e l - û o  d ia m e te r  t h e r e  i s  a  g r e a t e r  d iv e rg e n c e  o r  t h e  l i n e s  o f  w e ig h t
p r o p a g a t io n  f r o m  th e  / e r t e b r a l  c o lu m n  t o  th e  a c e ta b u la ,  a n d  on t h i s
f a c t o r  i t  i s  p ro p o s e d  t h a t  th e  le n g t h  o f  th e  x e m o ra l n e c k  i s  i n  d i r -
; e u t  r a t i o  w i t h  t h e  r e l a t i v e  d is ta n c e  b e tw e e n  t h e  a c e ta b u la .
S/<wA*oX ywAvw.
/ // / / t / // /
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C o m p a ris o n  o f  p e lv e s  o f  human a n d  t i g r e s s ,  as i n  f i g .  40
A n t . - P o s t . P o s t . - a c e t . P r e - A c e t . T r a n s . I n d e x .
cm s . cm s . cm s. cm s.
A s s .  . . 1 4 . 9 .2 4 .8 1 0 .4 154
D e e r . . 1 3 .6 9 .5 4 .5 8 .6 158
She - p . . 1 0 .1 6 .9 5 .2 6 .7 151
D e e r  . . 7 .1 5 . ^ . 1 4 .4 161
T ig r e s s . 9 ,7 5 .7 . 4 7 .2 . 154
Puma 6 .5 4 .2 .2.5 4 .5 151
C a t . . 5.5 2 .2 1 .5 2 .7 150
G a z e l le . 6 .2 5 .9 r . 5 4 .7 152
G o a t 6 .2 4 .1 2 .1 4 .2 147
Human F . 1 1 . 5 .8 5 .2 1 1 .5 9 6 .
(N o t e : -  The a p e s a re  e x c lu d e d f ro m  t h i s T a b le . )
Ex p l a n a t i o n . -  The a n t e r o - p o s t e r i o r  d ia m e te r  was m e a s u re d  i n  th e  
u s u a l  w ay; th e  t r a n s v e r s e  i s  ta k e n  as th e  d is t a n c e  b e tw e e n  th e  c e n t r e  
p o in t s  o f  t h e  a c e ta b u la  on th e  p e l v i c  a s p e c t ,  w h ic h  n o t  b e in g  th e  
g r e a t e s t  d ia m e te r  m akes th e  in d ic e s  g iv e n  h ig h e r  th a n  th o s e  u s u a l l y  
s t a t e d .  The p o s t - a c e t a b u la r  le n g t h  i s  t h a t  p a r t  o f  th e  a n t e r o - p o s t e r :
; i o r  d ia m e te r  w h ic h  l i e s  p o s t e r i o r  t o  th e  t r a n s v e r s e  m e a s u re m e n t, th e  
p r e - a c e t a b u la r  t h a t  p a r t  w h ic h  l i e s  i n  f r o n t .  The p e l v i c  in d e x  i s  
c a l c u la t e d  a s  u s u a l .
112.
T h is  d i f f e r e n c e  o f  d e g re e  t o  th e  h o r i z o n t a l  o f  th e  p e l v i c  
w e ig h t  b e a r in g  l i n e s  o f  p e l /e s  o f  d i f f e r i n g  w id t h s  w i l l  mean a d i f f e r :  
;e n c e  i n  th e  am o u n t o f  r e s o lu t i o n  n e c e s s a ry  t o  c o n v e r t  t h i s  o b l iq u e  
fo r c e  i n t o  th e  r e q u i r e d  v e r t i c a l  f r o m  th e  a c e ta b u la  t o  th e  g r o u n d : f o r »  
as i s  show n i n  f i g . 4 f ,  th e  w id e  p e l v i s  A -A  w i l l  r e q u i r e  a g r e a t e r  
am oun t o f  c o n v e r s io n  o f  i t s  w e ig h t  b e a r in g  l i n e  A -A  i n t o  t h e  v e r t i c a l  
A -X  th a n  w i l l  t h e  n a r  ow p e l v i s  f r o m  A -B  t o  B -Y ,a lw a y s  c o n s id e r in g , as 
i s  h e re  d o n e , t h a t  th e  f o r c e  a c t in g  i n  th e  h o r i z o n t a l  p la n e  i s  i n  a l l  
oases  a p p r o x im a te ly  r e l a t i v e l y  a c o n s ta n t .  T h is  i s  s t i l l  m ore  e v id e n t
—i
F ig o 4 2 .
To show  t h a t  th e  am oun t o f  d iv e rg e n c e  o f  t h e  p e l v i c  w e ig h t  t r a n s  
: m is s io n  l i n e s  in f lu e n c e s  th e  r e s o lu t i o n  o f  t h e  o b l iq u e  p e l v i c  
f o r c e  i n t o  th e  v e r t i c a l  l im b  f o r c e .
F o r c e /
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F o rc e  a c t in g  a lo n g  VA » t iP o .
"  :  :  : É B : l g § ;
AE = 2 P o . ta n .M .
' BP := 2 P o . ta n  N.
B u t  M^< M ^ (  9Q ^\
.% t a n  M > t a n  N .
r i . e .  f o r c e  a c t in g  a lo n g  AÈ ^  f o r c e  a c t in g  a lo n g  BP.
I i f  t h e  tw o  l i n e s  A -A  a n d  A -B  b a  r e s o lv e d  i n t o  t h e i r  com pon en t f o r c e s ,
 ̂ one o f  w h ic h  i s  v e r t i c a l ,  w h e n , a s  i s  shown i n  f i g .  4 2 , a g r e a t e r  am ount 
; d f  p u re  h o r i z o n t a l  f o r c e  m u s t i n  t h e  w id e r  p e l v i s  be c o n v e r te d  i n t o
i . / '
I p u re  v e r t i c a l  f o r c e .  I n  t h e  t r a n s l a t i o n  o f  t h e  e f f e c t s  o f  t h i s  f a c t o r  
t o  t h e  fe m o ra ,  i t  w i l l  i n  th e  f i r s t  p la c e  h a v e  been  r e c o g n is e d  t h a t ,  
th o u g h  th e  s a c r o - i l i a c  a r t i c u l a t i o n  h a s  m o d i f ie d ,  y e t  th e  g r e a t e r  m o d i: 
: f i c a t i o n  r e s t s  w i t h  t h e  fe m u r .  The fo rm  o f  t h e  t r a n s m is s io n  o f  t h i s  
o b l iq u e  i n t o  th e  v e r t i c a l l y  a c t in g  f o r c e ,  w h ic h  i n  n a tu r e  h a s  been  a d ;
 ̂ : o p te d  i n  th e  fe m u r ,  i s  f ro m  th e  c u rv e d  t o  th e  a n g u la r ,  th e  c u rv e d  
p o r t i o n  b e in g  a t  t h e  u p p e r  end  o f  th e  b o n e , w i t h  o f  c o u rs e  th e  co n vav;
: i t y  in w a r d s .  Now th e  e c o n o m ic  o r g a n ic  t i s s u e  r e a c t io n  i s  a f a c t o r  re ;  
: l a t i v e l y  o f  th e  same d e g re e  th r o u g h o u t  th e  w h o le  a n im a l s e r ie s ;  a nd  
, when t h i s  i s  c o m b in e d  w i t h  th e  s im p le  m e c h a n ic a l f a c t  t h a t  i n  a s u p p o r t  
o f  u n i f o r m  c u rv e  a n d  c o n s ta n t  s t r e n g t h  th e  g r e a t e r  th e  a p p r o x im a t io n  
o f  t h e  tw o  o p p o s in g  f o r c e s  th e  lo n g e r  i s  t h e  a r c  r e q u i r e d ,  i t  w i l l  be 
c le a r  t h a t  t o  c o m p e n s a te  th e  in c r e a s e  o f  p e l v i c  b r e a d th  t h e r e  m u s t a 
e lo n g a t io n  o f  t h e  fe m o r a l neck:. I n  f i g ,  4 3 . a r c s  o f  t h e  same r a d iu s  
h a v e  b e e n  made t o  t r a n s m i t  th e  o b l iq u e  f o r c e  a t  th e  fe m o r a l h e a d  i n  
Î a  c u rv e  f r o m  th e  h e a d  t o  t h e  v e r t i c a l ;  a n d  a s  f o r c e s  a c t in g  a lo n g  a 
c u rv e  a c t  t a n g e n t l a l l y  t o  t h a t  c u r v e , ,  i t  I s ,  shown g r a p h i c a l l y  t h a t  
I t h e  d is ta n c e  f r o m  t h e  f e m o r a l  h e a d  t o  th e  p o in t  w h e re  th e  f o r c e  a c t in g  
t a n g e n t i a l l y  on t h e  c u rv e  i s  p u r e ly  v e r t i c a l  i s  i n  t h e  w id e r  p e l v i s
a /
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a lo n g e r  a is ta n c e  th a n  i n  th e  n a r i o w  p e l^ ^ ^ is . T h u s , t a k in g  th e
Î
P i g . 4 3 .
The t r a n s m is s io n  o f  t h e  o b l iq u e  p e l v i c  f o r c e  b y  means, o f  a 
c u rv e  t o  th e  p e r p e n d ic u la r .  The a r c s  a t  A  a n d  B a re  o f  e q u a l 
r a d i i .
"m e c h a n ic a l a x i s "  o f  th e  lo w e r  l im b  -  t h a t  i s ,  th e  l i n e  o f  w e ig h t  
t r a n s m is s io n ,  w h ic h ,  j o i n i n g  t h e  c e n t e r  o f  th e  h e a d  w i t h  th e  c e n t r e  
o f  t h e  k n e e , p a s r e s ,  when p r o lo n g e d ,  t h r o u g h  th e  c e n t r e  o f  th e  a n k le  
j o i n t  -  t a k in g  t h i s  as  a v e r t i c a l  c o n s ta n t  t h r o u g h o u t  th e  w h o le  mamma: 
: l i a n  s e r ie s ,  th e  g r e a t e r  th e  d iv e r g e n c e  o f  th e  l i n e s  o f  w e ig h t  p r o :  
: p a g a t i o n  o f  t h e  p e l v i s ,  t h a t  i s ,  th e  g r e a t e r  th e  r a t i o  o f  t h e  p e l v i c  
t r a n s v e r s e  t o  t h e  p o s t - a c e t a b u la r  p a r t  o f  th e  a n t e r o - p o s t e r i o r  m eas- 
; u r e m e n t/
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m e a s u re m e n t th e  lo n g e r  w i l l  t h e  n e c k  o f  th e  fe m u r  r e q u i r e  t o  b e .^ ^ ^
I t  may be o b je c te d  t h a t  t h e  m e c h a n ic a l a x is  o f  th e  lo w e r  l im b  i s  n o t ,
i n  th e  hum an s u b je c t  a t  l e a s t ,  a v e r t i c a l  q u a n t i t y ,  b u t  i s  i n c l i n e d
t o  th e  v e r t i c a l . The a m o u n t o f  t h i s  i n c l i n a t i o n  i s  s m a l l ,  e x i s t s  o n ly
i n  t h e  u n c o m fo r ta b le  m i l i t a r y  p o s i t i o n  o f  ’ a t t e n t i o n '  t o  th e  e x t e n t  o f  
( 2 )
3 ^ ,  a nd  i n c l i n e d  a s  i t  i s  t o  th e  p e r p e n d ic u la r  r a t h e r  th a n  away 
f ro m  i t ,  t h e  r e s u l t  w o u ld  be n o t  t o  le s s e n  th e  le n g t h  o f  th e  n e c k ,b u t  
a c t u a l l y  t o  in c r e a s e  i t .  I n  T a b le  3 a s e r ie s  o f  m e a su re m e n ts  on 
t h i s  p o i n t  i s  g iv e n ,  a nd  th e  m e th o d s  a d o p te d  f u l l y  e x p la in e d .
TABLE 3 .
L e n g th  o f  
n e c k .
P e lv ic
t r a n s .
P e lv ic  
in d e x .
N . -  T . 
in d e x .
cm s, cm s.
T ig r e s s 2 .6 7 .2 134 36
Puma 1 .5 4 .3 151 37
• Human M. 4 .1 1 1 . 95 37
Human P . 4 .4 1 2 .5 94 36
D e e r 3 .1 8 .6 158 36
N o te  t h e  c o n s ta n c y  w i t h i n  l i m i t s  o f  th e  n e c k - t r a n s v e r s e  in d ic e s  
o f  p e lv e s  o f  w id e ly  d i f f e r i n g  p e l v i c  in d ic e s .  Though th e  n e c k  
h a s  s u c h  a d e f i n i t e  r e l a t i o n  t o  th e  p e l v i c  t r a n s v e r s e  w id t h ,  
t h e  le n g t h  o f  t h e  s h a f t , o f  c o u rs e ,  i s  n o t  p r o p o r t i o n a l  t o  th e  
l e n g t h  o f  th e  n e c k .
E x p la n a t i o n . The le n g t h  o f  th e  n e c k  was ta k e n  a s  t h e  d is ta n c e  f ro m  
t h e  p o i n t  o f  i n t e r s e c t i o n  o f  th e  a x e s  o f  th e  s h a f t  a n d  o f  t h e  n e c k  
t o  t h e  "b a s e  l i n e "  o f  t h e  h e a d , in  th e  a x is  o f  th e  n e c k .  The a x is  o f  
t h e  s h a f t  i s  ta k e n  as t h a t  l i n e  w h ic h , e x te n d in g  th r o u g h  th e  c e n t r e  
o f  t h e  b o n e , i f  p r o lo n g e d  dow nw ards w o u ld  b i s e c t  th e  in t e r c o n d y la r  
l i n e  a t  th e  lo w e r  e n d  o f  t h e  fe m u r .  The a x is  o f  th e  n e c k  i s  t h a t  
l i n e  l y i n g  i n  th e  c e n te e  o f  th e  n e c k  w h ic h  b i s e c t s ,  th o u g h  n o t  a t  
r i g h t  a n g le s ,  th e  "b a s e  l i n e "  o f  t h e  h e a d . T h is  base  l i n e  o f  th e  
h e a d  j o i n s  th e  m a rg in  o f  th e  a r t i c u l a r  c a r t i l a g e  a t  th e  h ig h e s t  p o i n t  
on  t h e  n e c k  w i t h  t h e  m a rg in  a t  th e  lo w e s t  p o in t , t h e s e  b e in g  th e  tw o  
m o s t /
U n d e r  i n v e s t i g a t i o n  a t  t h e  p r e s e n t  t im e  b y  t h e  w r i t e r  i s  th e  
q u e s t io n  o f  t h e  r e d u c t io n  o f  th e  le n g t h  o f  th e  n e c k  o f  th e  
hum an h u m e ru s  a s  com pared  w i t h  th e  n e c k  o f  th e  lo w e r  fo rm s .
P ic k .H a n d b .  d .  A n a t .  u .  M ech. d . G e le n k e , B d . - 3 . s . 525
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m o s t f i x e d  p o in t s  o b t a i n a b l e . ( l )  A. T r a c in g s  o f  e a ch  bone  e x a m in e d  
w e re  made f r o m  t h e  a n t e r i o r  a s p e c t  b y  m eans o f  t h e  d io p to g r a p h ,  a n d th e  
m e a s u re m e n ts  o b ta in e d  I 'ro m  th e  p r o je c t e d  d ia g ra m  w h ic h  was a lw a y s  o f  
t h e  same d im e n s io n s  as th e  o r i g i n a l  b o n e . T h is  m e th o d  was a d o p te d  
i n  p r e fe r e n c e  t o  a n y  o t h e r  on a c  o u n t o f  b e in g  th e  one o f  s m a l le s t  
p o s s ib le  e r  o r ,  no  e x t e r n a l  m easu rem en t b e in g  fo u n d  w h ic h  was i n  th e  
l e a s t  d e g re e  ac  u r a t e .  The n e c k - t r a n s v e r s e  in d e x  (N -T  in d e x )  i s  c a l*  
f c u la t e d  th u s  : -  L e n g th  o f  n e c k  y. lOO
P e lv i c  t r a n s .
E ven  i n  t h e  hum an s u b je c t  t h e r e  i s  e v id e n c e  o f  th e  g r e a t ;
; e r  le n g t h  o i  th e  f e m o r a l  h e c k  o f  t h e  b r o a d e r  p e l v i s  o f  t h e  fe m a le  as 
co m p a re d  w i t h  t h e  m a le . C r u v i e lh ie r ,  H y r t l , and  o th e r s  a re  a l l  
a g re e d  on t h i s  p o i n t :  a n d  th o u g h  B e r t  a u x  fo u n d  th e  n e c k  o f  t h e  fe m a le  
fe m u r  was l e s -  th a n  t h a t  o f  t h e  m a le , a nd  th e  r i g h t  n e c k  s h o r t e r  th a n  
t h a t  o f  th e  l e f t ,  y e t  h i s  a b s o lu te  a ^  u r a c y  may be d o u b te d ,  as i t  i s  
e v id e n t  f r o m  t h e  a c t u a l  m e a s u re m e n ts  g iv e n  t h a t  some e x t e r n a l  m e th o d  
o f  d e t e r m in in g  t h e  le n g t h  o f  t h e  n e c k  was a d o p te d .  Sue fo u n d  th e  
fe m o r a l  n e c k  "a  fe w  l i n e s  lo n g e r "  i n  t h e  fe m a le  th a n  i n  th e  m a le . I n  
t h e  p r e s e n t  s e r ie s  o f  b o n e s  e x a m in e d , f i f t e e n  m a le  a n d  f i f t e e n  fe m a le ,  
( T a b le  4 . ) ,  n o t w i t h s t a n d in g  th e  r e l a t i v e  s h o r tn e s s  o f  t h e  fe m a le  
f e m u r , i t  was fo u n d  t h a t  th e  n e c k  was on an  a v e ra g e  3 m.m. lo n g e r  th a n  
i n  t h e  m a le : b u t  i n d i v i d u a l l y  a n  eno rm ous v a r i a t i o n  i s  p r e s e n t ,  w h ic h  
v a r i a t i o n  d o e s  n o t  c o in c id e  w i t h  th e  le n g t h  o f  th e  fe m u r  n o r  w i t h  th e  
a n g le  b e tw e e n  t h e  n e c k  and  th e  s h a f t .
TA B LE /
1 ,  T h is  d o e s  n o t  c o r re s p o n d  w i t h  w h a t i s  te rm e d  b y  H o f f a  th e  
b a se  l i n e ,  f o r  h i s  l i m i t a t i o n  i s  " t h a t  l i n e  p a r a l l e l  t o  th e  
a c e t a b u la r  o u t l e t  w h ic h  p a s s e s  th r o u g h  th e  base  o f  t h e  c a r :  
: t i l a g e  o f  t h e  H e a d " .
TABLE 4 .  
M e a su re m e n t o f  hum an fe m o ra .
1 17
L e n g th  o f  fe m u r . N e ck A n g le .
c m s . cm s. 0 .
I . P ............................. 3 8 .9 4 .5 129
2 .M .......................... .. 4 2 .8 4 .2 120
3 .M ............. 4 0 .7 3 .3 118
4 . P ............................. 4 3 .4 4 .9 126
5 .M ............................. 4 5 .4 4 .2 129
6 . P . ........................... ■ 4 4 .5 4 .3 140
7 .M ............................. 4 6 .7 4 .3 124
8 . P . .......................... 4 6 .2 4 .7 136
9 .M ............................. 4 4 .1 2 .9 123
1 0 . M............................. 4 7 .1 4 .5 123
1 1 .M............................. 4 6 .8 3 .9 120
1 2 . P ............................. 3 9 .7 4 .5 120
1 3 . P ........................ 4 1 . 1 4 .7 116
1 4 . P ............................. 4 4 .3 4 .9 142
1 5 . P ............................. 4 0 . 3 .9 128
1 6 . M............................. 4 4 .7 3 .4 126
1 7 . P . .......................... 4 4 .5 4 .3 137
1 8 . P ............................. 4 5 .3 5 .1 130
1 9 . P ............................. 4 0 .7 4 .2 119
2 0 . M............................. 4 6 .6 4 .6 122
2 1 . M . .......................... 4 3 .7 4 .7 126
2 2 . M ............................. 4 7 .6 4 .9 135
2 3 . M............................. 4 5 .6 4 . 132
2 4 .M ............................. 4 3 .8 4 . 137
2 5 . M............................. 4 6 .7 4.2 113 I
2 6 . M . .......................... 4 3 .2 3 .8 123
2 7 . p . .......................... 3 7 .6 4 . 124
2 8 . P . . .................. .. . 4 1 .4 4 .3 125
2 9 .P ............................. 4 3 .9 4 . 122  .
3 0 . P ..................... -. . . 4 1 .1 3 .5 120  "
A v e ra g e  le n g t h  o f  m a le  f e m u r . . .
" fe m a le  " . . .
. . . cm s. 4 4 .2  
4 2 .1
A v e ra g e  le n g t h  o f  m a le  n e c k ................ . . . c m s .  4 .1
" " fe m a le  " ---------. . . . . .  ' 4 .4
A v e ra g e  m a le  a n g le .............. 126 ^
fe m a le  ^  .............. 127?
E x p la n a t io n  . The le n g t h  o f  t h e  n e c k  was o b ta in e d  a s  g iv e n  u n d e r  
T a b le  3 ,w h i le  t h e  a n g le  i s  ta k e n  a s  b e tw e e n  th e  a x is  o f  th e  n e c k  and  
th e  a x is  o f  th e  s h a f t .  The le n g t h  o f  th e  fe m u r  i s  ta k e n  as " t h e  
m e c h a n ic a l le n g t h "  t h a t  i s ,  t h e  c o n d y le s  a re  p la c e d  on a t r a n s v e r s e  
p la n e  a n d  th e  m e a su re m e n t ta k e n  t o  th e  h e a d ; t h i s ,  o f  c o u r s e , is  n o t  
th e  g r e a t e s t  f e m i r a l  l e n g t h .  H e p b u rn ’ s o s t e o m e t r i c  b o a rd  was u s e d .
1 1 8 .
I n  t r a c i n g  t h e  d e v e lo p m e n t a l  changes i n  th e  le n g t h  o f  th e  n e c k
o f  t h e  f e m u r  i n  t h e  h u m a n  s u b j e c t ,  i t  i s  w e l l  k n o w n  t h a t  t h e  h u m a n
f o e t u s  i s  s i m ia n  i n  t h i s  r e s p e c t , -  t h a t  i s ,  t h e  n e c k  r e l a t i v e l y  t o
t h e  a d u l t  c o n d i t i o n  i s  i l , i  d e v e lo p e d .  On e x a m in a t io n  o f  th e  p e l v i s  a t
t h i s  f o e t a l  s t a g e  i t  h a s  b e e n  s h o w n  b y  THOMPSON (^% h a t s e x u a l c h a ra c ;
i t e r i s t i c s  a r e  a l r e a d y  p r e s e n t  a t  th e  f o u r t h  m o n th , a n d  a c  o r d in g  t o
DUCKWORTH th e  p e l v i c  i n d ic e s  a r e ,  f o r  t h e  f e m a le  8 2 .4 ,  a n d  f o r
th e  m a le  8 3 .6  a t  t h i s  p e r io d .  Thus a s s o c ia te d  w i t h  a s im ia n  p e l v i s
i s  a s im ia n  fe m u r .  T h e re  i s ,  h o w e v e r ,  a n o th e r  f a c t o r  t o  be c o n s i d e r : ' •
!
: ed  a s  c a u s a t iv e .  A s w e l l  a s  t h e  m e c h a n ic a l f o r c e  t h e r e  i s  a n o th e r  
f o r c e , -  a d e v e lo p m e n t a l  o n e , -  f o u n d ' t o  be a d e te r m in in g  f a c t o r  i n  th e  
p r o d u c t io n  o f  th e  f o r m ,  l e n g t h ,  e t c . ,  o f  th e  o s s e o u s  s k e le to n .  B u t 
w i t h  a n o rm a l r e la t i o n s h i p  b e tw e e n  th e  m e c h a n ic a l f o r c e s  a nd  th e  
d e v e lo p m e n ta l f o r c e s  t h e  fo r m e r  w i l l  s e rv e  a s  a g u id in g  s t im u lu s  w h e re ; 
; b y  t h e  l a t t e r  may m o s t e f f e c t i v e l y  e x e c u te  th e  n e c e s s a ry  m o d i f ic a -  
: t i o n s  i n  t h e  d i f f e r e n t  p a r t s  o f  th e  o s s e o u s  fra m e w o rk .  The c o n v e r s e  
o f  t h i s  r e l a t i o n s h i p  i s  a ls o  t r u e ,  t h a t  w h e n e v e r t h e r e  i s  a d is tu r b a n c e  
o f  t h i s  r e l a t i o n s h i p  t h e r e  w i l l  be a n o m ly  o f  fo r m .  The d i s t u r b a n c e  
may be i n  e i t h e r  o f  tw o  d i r e c t i o n s ,  i n  b o th  ca s e s  p a s s in g  t o w a r d s  
c o m p le te  s u p p r e s s io n ;  f o r  t h e  m e c h a n ic a l may be d im in is h e d  o r  s u p -  
; p re s s e s  w i t h  t h e  n o n - c o n t r o l  o f ,  o r  a b se n c e  o f  s t im u lu s  t o ,  th e  de—
; v e lo p m e n t a l , a  c o n d i t io n  le a d in g  to w a rd s  a n o m a lie s  o f  fo rm  w h ic h  
w i l l  be o f  t h e  e m b ry o n ic  o r  t h e  p r im a t iv e  t y p e .  O r, on  t h e  o th e r  
h a n d , t h e r e  may be  p re p o n d e ra n c e ,  c o m p le te  o r  p a r t i a l ,  ot  t h e  mech: 
; a n i c a l  o v e r  t h e  d e v e lo p m e n ta l f o r c e s , wl»-©^® th e  a n o m a lie s  w o u ld  
t e n d  t o  be p r o g r e s s iv e ,  a n d  e m p h a s ise d  a t  th e  p o in t s  o f  g r e a t e s t
s t r a i n .  /
1 . T h o m pso n ,J o u r . A n a t . and  P h y s . V o l . 2 3 . p .5 9 .
2 .  D u c k w o r th ,  A n th r o p o lo g y ,  p . 2 96 .
1 1 9 .
S t r a i n .  As r e g a r d s  t h e  a p p l i c a t i o n  o f  t h e  f o r m e r ,  t o  th e  lo w e r  l i m b s ,
i t  w o u ld  i n  th e  a a u l t  be found , o n ly  i n  s u e h  c o n d i t io n s  w h e re  : f r o m  ab: 
.n o r m a l i^auses  t h e  i  em ur h as  n o t  been  r e q u i r e d  t o  t r a n s m i t  th e  w e ig h t  
o l  t h e  b o d y , -  f o r  e x a m p le , in  an  e a r l y  c o m p le te  p a r a l y s i s ,  i n  an  e a r ly  
a m p u ta t io n ,  i n  e x tre m e  h y d r o - c e p h a lu s , e t c .  I n  th e  f o e t u s  th e  d e v e l:
; o p m e n ta l f o r c e  w i l l  be i n  p re p o n d e ra n c e  o c e r  t h e  m e c h a n ic a l:  t h a t  is^ 
t h e  a b s e n c e  o l  t h e  w e ig h t  t r a n s m is s io n  o f  th e  b o d y  w i l l  c o n n o ta te  an  
a b s e n c e  o f  th o s e  m e c h a n ic a l f a c t o r s  p r o d u c in g  th e  ch a n g e s  w h ic h  a re  
so  t y p i c a l  i n  th e  g ro w in g  human s u b j e c t , -  a n  in c r e a s e  o f  t h e  le n g t h  
o f  t h e  n e c k  o f  t h e  fe m u r .  T hus  th e  a b s e n c e  o f  t h e  c o r r e l a t i o n  be tw een
t h e  m e c h a n ic a l a n d  th e  d e v e lo p m e n ta l f o r c e s  A n  th e  d i r e c t i o n  o f  th e
1
s u p p r e s s io n  o f  t h e  m e c h a n ic a l w i l l  i n  i t s e l f  c o n s t i t u t e  a  re a s o n  as 
t o  t h e  s h o r tn e s s  o f  th e  n e c k  o f  th e  f o e t a l  " fe m u r . I n  T a b le  5 t h e r e  
i s  a t a b u l a t i o n  o f  th e  m e a s u re m e n ts  o f  t h e  n e c k  a t  d i f f e r e n t  a g e s , 
s h o w in g  t h e  r e l a t i v e l y  g r e a t  in c r e a s e  o n ce  th e  m e c h a n ic a l s t r a i n  i s  
b r o u g h t  t o  b e a r  on  t h e  t i s s u e s  o f  t h e  n e c k .
Age Length o f  
n e c k .
Length o f  femur . N . F .Index.
Adult F . ..................
cms. ( a v j  
4 . 4
c m s . ( a v . )
4 2 .1 . 1 0 . 2
M. . . . ............. 4 .1 4 4 . 2 9 . 7
years . 1 8 . .  . . . . . 4 . 2 4 4 .4 9 .6
1 6 .................. 3 . 9 4 0 . 6 9-. 6
1 4 .................. 3 . 5 3 7 . 6 9 . 2
1 0 .................. 2 . 7 3 4 . 4 7 . 8
8 ................... 1 .7 2 6 . 2 6 . 7
5 .................. 1 .1 1 7 .2 6 . 4
" 4 ................ .. .9 1 4 .7 6 .1
.6 1 1 .6 6 .2
At birth .................. ( .4 ? ) 9 .4 4 . 3
Foetus 5 months. ( .2 ? ) 4 .3 4 .6
E x p la n a t io n : A l l  t h e  m e a s u re m e n ts  w e re  c a r r i e d  o u t  a s  b e fo r e .  
The n e c k - fe m u r  in d e x  ( N . - P . in d e x )  c a n n o t  be h e ld  a s  o f  much 
v a lu e  a p a r t  f r o m  th e  p u rp o s e s  o f  c o m p a r is o n .  I t  i s  t a k e n  th u s :
L e n g t h  o f  n e c k  v  t on 
L e n g th  o f  Fem ur
12 0 .
I t  w i l l  be  n o te a  f ro m  th e  t a b le  t h a t  t h e r e  i s  a  s te a d y  in :
: c re a s e  i n  t h e  r e l a t i v e  le n g t h  o f  th e  n e c k  up  t o  t h e  age o f  1 2 -1 4  
y e a r s ,  a t  w h ic h  p e r io d  t h e  n e c k  o f  t h e  fe m u r  may be s a id  t o  have  
re a c h e d  i t s  m aximum o n to g e n e t ic  le n g t h ,  i n  t h e  r e l a t i v e  s e n s e . Thus 
i t  m u s t be e v id e n t  t h a t  t o  h a v e  a n y  a p p r e c ia b le  e f  e c t  on  th e  le n g t h  
o f  th e  n e c k  o f  t h e  fe m u r  i n  th e  d i r e c t i o n  o f  n o n - e lo n g a t io n  th e  mech:- 
: a n i c a l  f o r c e s  m ü s t h a v e  been  a b s e n t  f r o m  a c o m p a r a t iv e ly  e a r l y  p e r io d ,  
t h o u g h  t h i s  i s  p r e s u p p o s in g  t h a t  r e t r o g r e s s io n  c a n n o t  ta k e  p la c e .  I  
h a ve  b e e n  a b le  t o  e xa m in e  tw o  s k e le to n s  i n  t h i s  r e s p e c t .  I n  s k e le to n  
1 t h e r e  h a s  b e e n  h i p  j o i n t  d is e a s e  f r o m  an e a r l y  p e r io d , -  so  t h a t  t h e  
l e f t  l e g  i s  p v e f  d l l  12 cm s. s h o r t e r  t h a n  th e  r i g h t . '  ( f i g , 4 4 . )  I n  
c o m p a r in g  th ë  u p p e r  e nd s  o f  th e  fe m o ra ,  i t  i s  m ore  t h a n ‘i n t e r e s t i n g
t o  n o te  t h e  r e l a t i v e l y  s h o r t  n e c k  a n d  t h e  r e l a t i v e l y  la r g e  a n g le  o f ..
t h e  d is e a s e d  s id e  ( f i g . 4 5 . )  A b s o lu te  m e a s u re m e n ts  w e re  n o t  p o s s ib le  
b u t  th o s e  g iv e n  a re  a t  l e a s t  a p p ro x im a te .
à
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P i g . 4 4 . P i g . 45
L e n g th  o f  
Pem ur
N e ck A n g le .
cm s. cm s. 0 .
H e a l t h y  l im b 8 4 .7 3 .1 125
D is e a s e d  l i m b . * 2 7 .5 1 .9 140
I n  s k e le to n  2 t h e  f i r s t  g la n c e  a t  th e  fe m o ra  i s  s u f f i c i e n t  
t o  i n d i c a t e  t h a t  t h e y  c o u ld  n o t  p o s s ib l y  h a ve  b o rn e  th e  w e ig h t  o f  
t h e  b o d y , and  h e re  a g a in  th e  n e c k  o f  th e .  fe m u r  a n d  t h e  a n g le  a re  o f  
t h e  e m b ry o n ic  t y p e .  ( f i g s . 4 6 . and  4 7 . )
12 2 .
'V f
F ig . 4 6 . P i g , 47 •
The a p p ro x im a te  m e a s u re m e n ts  a r e ; -
L e n g th  o f  
F e m u r.
N e ck A n g le




( 2 .0 ? )
o .
(1 4 0 ? )
L e f t  l im b . 3 6 .1 2 .1 135
The o t h e r p o s s i b i l i t y  -  t h a t i s ,  w h e re th e r e  i s  a p r e -
:p o n d e ra n o e  o f  th e  m e c h a n ic a l o v e r  th e  d e v e lo p m e n ta l f o r c e s  -  i s  i l :  
; l u s t r a t e d  i n  th e  c o n d i t io n ,  o f  r a c h i t i s .  H e re ,  f r o m  p a t h o lo g ic a l  
c a u s e s /
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c a u s e s ,  th e  d e v e lo p m e n ta l f o r c e s  c a n n o t ta k e  t h e i r  p r o p e r  p la c e  i n  
th e  p r o d u c t io n  o f  t h e  fo rm  o f  th e  b o n e . Thus a p a r t  f r o m  an  as:-:o;
: c i a t i o n  w i t h  a n  in c r e a s e  a b s o lu te  and  r e l a t i v e  o f  t h e  p e l v i c  t r a n s :
: v e r s e  d ia m e te r ,  th e  r a c h i t i s  fe m u r  u n d e rg o e s ,  c o n c o m ita n t  w i t h  th e  
in c r e a s e  o f  i t s  a n t e r i o r  c u rv e  a c u r \^ in g  o u tw a rd s  o f  i t s  u p p e r  p a r t ,  
o r  i n  o t h e r  c a s e s  a c u r v in g  in w a rd s  o f  i t s  lo w e r  p a r t ,  m ore com m on ly  
th e  fo r m e r .  T h a t i s ,  as  i s  show n i n  f i g s .  4 8 . a n d  4 9 . t h e  fe m o r a l  
n e c k ,  th e  c u rv e d  w e ig h t  t r a n s m i t t i n g  l i n e  f ro m  th e  head  t o  t h e  v e r t i :  
: c a l , h a s  s p re a d  f a r  p a s t  i t s  n o rm a l l i m i t ,  a n d  may h e re  be s a id ,
F i g . 4 8 . 
R a c h i t i c  fe m o ra .
P i g . 49
P h y s io lo g ic a l  e lo n g a t io n  o f  th e  
n e c k .
p h y s i o l o g i c a l l y  r a t h e r  th a n  a n a to m ic a l ly  o f  c o u rs e ,  t o  e x te n d  f ro m
t h e  h e a d  p a s t  t h e  m id a le  o f  th e  s h a f t
I t  may be o b je c te d  t h a t  no a c c o u n t  h a s  b ee n  ta k e n  o f
a n o t h e r /
124.
a n o th e r  a c t in g  i o r c e ,  th e  m u s c u la r  f o r c e  o r  m u s c u la r  p u l l ,  w h ic h  b y  
many a u th o r s  i s  s p o k e n  o f  a s  m o u ld in g  th e  w h o le  o s s e o u s  s k e le to n .  
M u s c u la r  f o r c e  i s ,  h o w e v e r ,  a m o d i f y in g  r a t h e r  t h a n  a c o n t r o l l i n g  
f a c t o r ,  a n d  w i l l  n e v e r  u n d e r  n o rm a l c o n d i t io n s  a c t i n  a m anne r t o  con:
. t r o l  o r  d i '^ ^ e r t  th e  a c t io n  o f  th e  m e c h a n ic a l f o r c e .  M u s c u la r  f o r c e  
i s  th u s  s im p ly  t h e  d y n a m ic  e x p r e s s io n  o f  th o s e  f a c t o r s  w h ic h  u n d e r  
n o rm a l c o n d i t io n s ,  t h a t  dis, w i t h  a n o r m a l ly  a c t in g  m e c h a n ic a l f o r c e ,-  
t e m p o r a r i l y  r a t h e r  t h a n  p e r m a n e n t ly  b r in g  a b o u t  and  s u s t a in  i n  th e  
new  d i r e c t i o n  o f  th e  l i n e  o f  f o r c e ,  m o d i f i c a t io n s  o f  th e  d i r e c t i o n  
o f  th e  n o rm a l l i n e  o f  a c t io n  o f  t h e  m e c h a n ic a l f o r c e .  T h ro u g h  th e
I
c o n t in u e d  a c t io n  i n  one c o n s ta n t  d i r e c t i o n  i t  may be t h a t  a l o c a l  
m o d i f i c a t i o n  o f  fo rm ,  c o n to u r ,  s i z e , e t c .  w i l l  be p ro d u c e d ,  b u t  n e v e r  
w i l l  a  n o rm a l m u s c u la r  f o r c e  c o n t r o l  o r  d i v e r t  t h e  n o rm a l m e c h a n ic a l 
f o r c e .  T h is  e x p r e s s io n  o f  t h e  in f lu e n c e  o f  m u s c u la r  f o r c e  does  n o t  
i n  th e  l e a s t  d e t r a c t  f r o m  w h a t i s  know n as " W o l f f ' s  la w " ,  w h e re in  
i t  i s  h e ld  " t h a t  th e  shape  o f  t h e  bon es  i s  d e te rm in e d  b y  th e  c o n d i;  
: t i o n s  o f  r e a c t io n  t o  b o d y  w e ig h t ,  a n d  t h e  s t r e s s  and  s t r a i n  o f  
m u s c u la r  a c t i o n " .
The g r e a t  le n g t h  o f  t h e  n e c k  o f  th e  fe m u r  i n  t h e  human sub: 
oJt
: j e c t  i s ,  th e n ,  a n  a d a p -ÿ .o n  t o  t h e  in c r e a s e d  w id t h  o f  t h e  p e l v i s .
The, s t r u c t u r a l  a x e s  o f  b o d y  s u p p o r t  a re  th u s  rem oved  f r o m  th e  l i n e  
o f  b o d y  g r a v i t y  t o  th e  maximum e x t e n t ,  t o  com pen sa te  f o r  w h ic h  t h e r e  
m u s t be th e  maximum o f  th e  m ovem ents o f  a d c u c t io h  and  a b d u c t io n  a t  
t h e  h ip  j o i n t s  t o  a l lo w  o f  th e  o s c i l a t i o n  o f  th e  g r a v i t y  l i n e  o f  th e  
t r u n k  to w a rd s  t h e  u n i t  o f  s u p p o r t  i n  b ip e d  p r o g r e s s io n .
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B. The a n g le  o f  i n c l i n a t i o n  o f  th e  n e c k : -  The a n g le  o f  th e  n e c k  
o l  th e  le m u r , o i t e n  r e f e r r e d  t o  as  " t h e  a n g le  o f  i n c l i n a t i o n ’,' i s  h e re
u n a e r s to o a  a s  th e  m e d ia l l y  open  a n g le  b e tw e e n  t h e  a x is  o f  th e  n e c k  and
th e  a x i s  o l  th e  s h a f t .  A c c o r d in g  t o  t h e  g e n e r a l l y  a c c e p te d  y e t  som e;
: w h a t d iv e r s e  s ta te m e n ts  o f  d i f f e r e n t  a u th o r s ,  t h i s  a n g le  v a r ie s  
t h r o u g h o u t  th e  m am m alian  s e r ie s  and  i n  man i t  v a r ie s  w i t h  th e  age a na
w i t h  th e  s e x .  The c o n c lu s io n s  o f  HUMPHRY i n  r e g a r d  t o  t h i s  p o i n t ,
th o s e  w h ic h  h a v e  becom e c la s s i c ,  a r e : -
1 . The a n g le  v a r ie s  a t  a n y  g iv e n  a g e .
2 ,  I t  i s  s m a l le r  i n  s h o r t  b o n e ^  th a n  i n  lo n g ;  m o s t l i k e l y  t o  
be s m a l l  w hen t h e  p e l v i s  i s  w id e ;  th e  c o m b in a t io n  o f  th e s e  
tw o  u s u a l l y  r e n d e r in g  i t  s m a l le r  i n  women th a n  i n  m en.
5 .  I t  d e c re a s e s  d u r in g  th e  p e r io d  o f  g ro w th ,  b u t  a f t e r  g ro w th  
i s  c o m p le te d  t h e r e  i s  no  ch a n g e .
4 .  I f  t h e  l im b  be r e l i e v e d  o f  i t s  w e ig h t  d u r in g  g ro w th  th e  
a n g le  re m a in s  o p e n , o r  may become w id e r .
D e d u c t io n s  s u c h  as  th e s e  c o u ld  n o t  be im p ro v e d  on
■ as b a s e s  on  w h ic h  t o  i n s t i t u t e  a n  i n q u i r y  i n t o  t h i s  q u e s t io n  -  th e
■ am oun t o f  d iv e rg e n c e  b e tw e e n  th e  a x e s  o f  th e  tw o  com p o n e n ts  o f  th e  
i' f e m u r .
I I n  h i s  s e c o n d  c o n c lu s io n  HUMPHRY s t a te s  t h a t  " t h e
a n g le  o f  t h e  n e c k  o f  th e  fe m u r  i s  m o s t l i k e l y  t o  be s m a l l  when t h e  p e l;
; v i s  i s  w id e . "  F rom  t h i s  i t  w o u ld  o f  n e c e s s i t y  f o l l o w  t h a t  t h e  a n g le  
# i s  m o s t l i k e l y  t o  be g r e a t  when th e  p e l v i s  i s  n a n o w . T h a t  th e  a n g le  
■ lo o k s  as  i f  i t  w o u ld  be  s m a l le r  i n  th e  w id e r  p e l v i s , onw w o u ld  a t  a
f i r s t  g la n c e  d e d u ce  f r o m  f i g .  4 3 . I f , h o w e v e r ,  th e s e  d ia g ra m s  a r e  re a d ,
a s /
1 2 7 .
as t h e y  a re  d ra w n , i n  th e  t r u l y  m e c h a n ic a l s e n s e , i t  w i l l  be  seen  
t h a t  t h i s  c a n n o t  p o s s ib l y  be th e  c a s e , ana. e s p e c ia l l y  i f  a r e s o lu t i o n  
is  mace as  i n  f i g . 5 0 . W h e re , i l ’ i n  th e  tw o  p e lv e s  A  -  B and  A  -  C th e  
r e s p e c t iv e  le n g t h s  o f  t h e  n e c k s  o f  t h e  fe m o ra  be B -  X and  C -  Y , o r
P i g . 5 0 .
To show t h a t  t h e  a n g le  o f  t h e  n e c k  o f  th e  fe m u r  te n d s  t o  
re m a in  a c o n s t a n t .  (s e e  t e x t ) .
some l i n e s  r u n n in g  b e tw e e n  th e  v e r t i c a l s  a t  B a nd  X a nd  0 and  Y , w i t h ,  
o f  c o u rs e ,  th e  n e c k  o f  g r e a t e r  le n g t h  i n  th e  w id e r  p e l v i s ,  th e n  i t  i s  
o b v io u s  t h a t  th e  i n c l i n a t i o n  o f  th e  s h a f t  f r o m  th e  e x t r e m i t y  o f  th e  
n e c k  b a c k  t o  th e  v e r t i c a l  a t  th e  kn e e  w i l l  a lw a y s  v a r y  a c  o r d in g  t o  
t h e /
128.
■the le n g t h  g iv e n  t o  th e  s h a f t .  Now th e  d e v ia t i o n  f ro m  th e  v e r t i c a l  
o i  th e  s h a l t ,  ana  i n  con se q u e n ce  i t s  le n g t h ,  w i l l  n o t  be d e te rm in e d , 
b y  p u r e l y  m e c h a n ic a l c a u s e s , b u t  th e s e  w i l l  be in f lu e n c e d  b y  o t h e r  
f a c t o r s ,  d e v e lo p m e n ta l and  p h y s io lo g ic a l  i n  th e  m a in ; y e t  t h e  le s s  
d e v ia t i o n  t h e r e  i s  th e  m ore e c o n o m ic  w i l l  be th e  o r g a n is a t io n  r e q u i r :  
: e d ,  made c o m p a t ib le  o f  c o u rs e ,  w i t h  a s t r u c t u r e  w h ic h  i s  c o n v e n ie n t  
f o r  p u rp o s e s  o t h e r  th a n  m ere s t a b i l i t y .  B u t . t h e  a p p l i c a t i o n  o f  th e  
same la w s  t o  b o th  p e lv e s ,  th e  n a r ro w  a n d  th e  w id e ,  w i t h  t h e i r  r e s p e c t ;  
l i v e l y  s h o r t  and  lo n g  fe m o r a l  n e c k s ,  w i l l  a lw a y s  r e s u l t  i n  th e  te n a e n ; 
; c y  t o  a g r e a t e r  p r o p o r t i o n a l  l e n g t h - o f  t h e  fe m u r  o f  t h e  l a t t e r  p e l -  
: v i s . I t  i s  t o  be  n o te d  t h a t  t h i ^  p r o p o r t i o n a l  le n g t h  i s  n o t  i n  
d i r e c t  r a t i o  t o  th e  le n g t h  o f  th e  n e c k ; f o r  e x a m p le , i n  one s p e c ie s  
i f  t h e  n e c k  o f  th e  fe m u r  be t w ic e  as  lo n g  as i n  a s e co n d  s p e c ie s ,  i t  
d o e s  n o t  f o l l o w  t h a t  th e  s h a f t  o f  th e  fo r m e r  fe m u r  w i l l  be t w ic e  a s  
th e  s h a f t  o f  th e  l a t t e r .  The c o n n o ta t io n  i s  o n ly  t h a t  th e  s h a f t  
o f  t h e  fo r m e r  w i l l  t e n d  t o  be lo n g e r  th a n  th e  s h a f t  o f  th e  l a t t e r .
On t h i s  f a c t  r e s t s  th e  re a s o n  as  t o  th e  g r e a t e r  i n c l i n a t i o n  o f  th e  
fe m u r  o f  th e  b r o a d e r  p e l v i s  N o w , in  f i g . 5 0 , i f  th e  v e r t i c a l  f o r c e s  
a c t in g  a lo n g  D -  B and E -  C h a ve  as one o f  t h e i r  co m p o n e n ts  t h e  
fe m u r  s h a f t s  D-M  a n d  E -N  i n  t h e i r  p r o p o r t i o n a l  le n g t h s ,.th e n  i t  i s  
c o r r e c t  t o  s t a t e  t h a t ,  th o u g h  th e  o th e r  com ponen ts  may h a ve  a v a r y ;  
; i n g  d i r e c t i o n  t o  th e  w a l l s  o f  th e  p e lv e s  as  e x p re s s e d  b y  th e  s a c ro -  
a c e t a b u la r  l i n e s  o r  b y  th e  a n t e r o - p o s t e r io r  p e l v i c  d ia m e te r s ,  y e t  
t h e  a n g le  b e tw e e n  th e  tw o  co m p o n e n ts  w i l l  re m a in  a c o n s ta n t .  T h a t 
i s ,  t h a t ,  p e r  s e ,  t h e  w id t h  o f  th e  p e l v i s  s h o u ^  n o t  i n  th e  s l i g h t ,  
: e s t  d e g re e  in f l u e n c e  th e  am oun t o f  d iv e rg e n c e  b e tw e e n  th e  a x i s  o i
t h e /
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t h e  n e o k  a n d  t h e  a x i s  o f  th e  s h a f t ;  w h a t d o e s  f o l l o w  I s  th e
d l l l e r e n o e  i n  t h e  o b l i q u i t y  o f  th e  n e o k  o f  th e  fe m u r .  T h is  te n d e n c y  
t o  th e  c o n s ta n c y  o i  th e  a n g le  o f  th e  n e c k  o f  t h e  fe m u r  i s  b o rn e  o u t  i n  
T a b le  6 . , w h e re , w i t h i n  l i m i t s ,  th e  a n g le  re m a in s  a c o n s ta n t  f o r  t h e  
a d u l t .
TABLE 6,
P e lv i c  in d e x .
Hum an. P .
( a v e r . )
94
" M. 95
G o r i l l a . 1 4 7 .
T ig r e s s . 1 5 4 .
A s s . 1 5 4 .
D e e r. 1 5 8 .
Pum a. 1 5 1 .




. (D u c k w o r th  g iv e s  1 2 4 ^ . )  
1 2 5 .
1 2 7 .
1 2 5 .
1 2 8 .
E x p la n a t io n : The m e th o d  o f  o b t a in in g  th e s e  m e a su re m e n ts  h a s  been
d e t a i l e d  b e fo r e :  P i g . 5 1 . shows how v a r io u s  m e a su re m e n ts
a r e  ta k e n .
I n  a p p l i c a t i o n  o f  t h i s  c o n s ta n c y  t o  th e  a d u l t  
hum an s u b je c t ,  HUMPHRY’ S f i r s t  c o n c lu s io n ,  " t h a t  th e  a n g le  v a r ie s  a t  
a n y  g iv e n  a g e " ,  i s  o n ly  t o o  e v id e n t .  I n  HUMPHRY'S s e r ie s  t h e r e  was a 
ra n g e  o f  d e g re e  f ro m  1 1 5 °  t o  1 5 6 ° ,  o t h e r  w r i t e r s  a s  a r u le  a d m i t t in g  a 
s i m i l a r  v a r i a t i o n .  I t  i s  o b v io u s  t h a t  t h i s  v a r i a t i o n  i s  p u r e l y  i n d i v :
: i d u a l , and  i s  o f  much g r e a t e r  e x t e n t  t h a n  t h a t  fo u n d  b e tw e e n - th e  
a v e ra g e  o f  man and  o t h e r  m ammals. I n d i v i d u a l l y  t h e r e  i s  v a r i a t i o n  
i n  t h e  b r e a d th  o f  th e  p e l v i s ,  (T a b le  5 ) ,  i n  th e  le n g t h  o f  th e  n e c k  ana  
i n /
1 .  I t  i s  a  s i g n i f i c a n t  f a c t  t h a t  th e  a n g le  w h ic h  th e  m orpho  
; l o g i c a l  n e c k  o f  t h e  hum erus  makes w i t ^  t h e  s h a f t  o f  th e  
bone  i s  i n  t h e  human s u b je c t  125 -  150  .
180.
i n  t h e  le n g t h  o f  th e  s h a f t ,  ( T a b le  4 . )  b u t  th e s e  v a r i a t i o n s  oan i n  no
o f  A y t o d L '
P i g . 5 1 .
To show how v a r io u s  m e a s u re m e n ts  a re  o b ta in e d .  The a n g le  a t  A 
i s  t h e  a n g le  o f  th e  n e o k  o f  th e  fe m u r :  A -B  i s  t h e  le n g t h  o f  th e  
n e c k .
p o s s ib le  m anne r be c o r r e la t e d  t o  th e  v a r i a t i o n s  o f  th e  a n g l e T h e  
c a u s e s  m u s t be a s s ig n e d  t o  d i f f e r e n c e s  i n  i n d i v i d u a l  d e v e lo p m e n ta l 
r e a c t io n ,  ca u s e s  w h ic h  can  n e v e r  le n d  th e m s e lv e s  t o  p r o o f .
Now as  r e g a r d s  th e  s e x u a l v a r i a t i o n s  w h ic h  a r e  s a id  
t o  e x i s t  i n  r e s p e c t  t o  t h i s  a n g le ,  H um phry  h a s  summed up th e  a c c e p te d  
v ie w /
1 .H IR S C H ,A n a t .H e f te ,B d .8 7 . ,  p u ts  fo r w a r d  th e  v ie w  t h a t  a lo n g  n e o k  
i s  a s s o c ia te d  w i t h  a la r g e  a n g le .  The same a u t h o r  c o r r e la t e s  
th e  a n g le  and  th e  a re a  o f  th e  t r a n s v e r s e  s e c t io n  o f  t h e  s h a f t ,  
( o p . c i t .  1 8 0 0 ,3 .1 0 . )
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v ie w  i n  h i s  c o n c lu s io n ,  " t h a t  i n  s h o r t  bones  th e  a n g le  te n d s  t o  be 
s m a l l ,  a nd  i t  i s  m o s t l i k e l y  t o  be s m a ll  when th e  p e l v i s  i s  w id e " . B o th  
o f  th e s e  s ta te m e n ts ,  e v e n  i n  t h e i r  l i m i t e d  a p p l i c a t i o n  to  th e  human sub : 
: j e c t ,  a re  fo u n d e d  on th e  id e a  t h a t  th e  fe m u r  w i l l  be d e v e lo p m e n ta l ly  
; p l a s t i c ,  b u t  t h e  i n c l i n a t i o n  o f  th e  n e c k  t o  th e  h o r i z o n t a l  h a s  b ee n  c o n : 
I  : s id e r e d  a s  r e m a in in g  a b s o lu t e l y  f i x e d .  T h a t i s ,  t h a t  t h e  one f a c t o r  
■ w h ic h  oan  be shown t o  v a r y  HUMPHRY h a s  c o n c lu d e d  t o  be u n c h a n g e a b le ,  
a n d  i f  t h i s  h y p o th e s is  w e re  c o r r e c t  th e  a n g le  w o u ld  be s m a l le r  i n  t h e  
s h o r t e r  fe m u r  o f  th e  f e m a le . B u t i n  v ie w  o f  w h a t has  a l r e a d y  bee n  
p r o v e d ,  a nd  i n  l i g h t  o f  th e  r e s u l t s  g iv e n  i n  T a b le  4 . ,  t h e  a n g le  can  i n
- I
no  s e n s e  be s a id  t o  v a r y  d i r e c t l y  w i t h  th e  s e x . I n  h i s  w o rk  on  t h i s  
ang le ,LU S C H K A  f ro m  h i s  m e a su re m e n ts  fo r m u la te d  th e  c o n c lu s io n  t h a t  th e  
fe m a le  a n g le  was a c t u a l l y  g r e a t e r  th a n  t h a t  o f  th e  m a le ; HYRTL d e -  
: s c r ib e s  th e  a n g le  as  b e in g  th e  same i n  b o th  s e x e s : CHARPY i n  h i s
m e a s u re m e n ts  a l  a t t  a g e s  a n d  i n  b o th  s e x e s  came t o  th e s e  c o n c lu s io n s ;  
"T h e  a n g le  i n  th e  y o u n g  p e rs o n  i s  g r e a t e r  th a n  i n  th e  a d u l t :  i n  t h e  
a d u l t  i t  i s  th e  same f o r  b o th  s e x e s ,  on an  a v e ra g e  1 2 7 ^ : i n  th e  o ld  
p e rs o n  t h e  a n g le  i s  th e  same as f o r  t h e  a d u l t . "  PARSONS i n  a r e c e n t  
s e r ie s  o f  m e a su re m e n ts  o f  300  b o n e s , fo u n d  t h e  m a le  a n g le  a s  1 2 6 .5 ^  
a n d  th e  fe m a le  a n g le  a s  1 2 6 .5 ° ,  and  s t a t e s  as h i s  c o n c lu s io n ,  " t h a t  
th e  a n g le  o f  th e  n e c k  i s  o f  no  v a lu e  a s  an  i n d i c a t i o n  o f  s e x " .
I n  th e  s tu d y  o f  th e  o n to g e n e t ic  c h a n g e s  o f  t h i s  
a n g le  t h e r e  i s  u n i v e r s a l  p r o o f  t h a t  t h e  d iv e rg e n c e  i s  g r e a t e r  i n  
y o u n g  c h i l d r e n  th a n  i n  t h e  a d u l t ,  a n d  g r e a t e r  i n  th e  f o e t u s  th a n  i n  
t h e  c h i l d .  T h is  change  i n  th e  a n g le  o f  th e  g ro w in g  b o n e , -  a  d e c re a s e  
i n  d e g re e  c o n c o m ita n t  w i t h  th e  in c r e a s e  i r i  a g e , -  i s  d e p e n d e n t on  t h e  
c o n t r o l l i n g /
1 32 .
c o n t r o l l i n g  in f l u e n c e  o f  th e  m e c h a n ic a l o v e r  th e  d e v e lo p m e n ta l f o r c e s .  
By p u re  d e v e lo p m e n t th e  w h o le  n e c k  te n d s  t o  be m ore  o r  le s s  d i r e c t l y  
v e r t i c a l ,  o r  p e rh a p s  s p i r a l :  th u s  th e  ope n  a n g le  i n  th e  f o e t u s ,  th u s
th e  open  a n g le  o f  t h e  fe m u r  on w h ic h  s t r a i n  h a s  n e v e r  b e e n  p u t , e . g .  
HUMPHRY'S m e a s u rm e n ts  i n  e a r l y  a m p u ta t io n s , p a r a l y s i s ,  e t c .  R e fe re n c e  
may a ls o  be made t o  s k e le to n s  1 and  2 a l r e a d y  d e s c r ib e d .  On t o  t h i s  
v e r t i c a l l y  d i r e c t e d  n e c k  t h e r e  i s  t r a n s m i t t e d  th r o u g h  th e  h e a d  o f  th e  
fe m u r  a s h e a r in g  f o r c e , a c t i n g  v e r t i c a l l y ,  w h ic h  i s  t e n d in g  t o  p ro d u c e  
a n  a n g le  b e tw e e n  th e  tw o  c o m p o n e n ts  t h r o u g h  w h ic h  t h a t  v e r t i c a l  f o r c e  
i s  t r a n s m i t t e d ,  a n d  a s  a r e s u l t  o f  t h i s  t h e r e  w i l l  b e , n o t  a b e n d in g  
o f  th e  o s s e o u s  o r  c a r t i l a g in o u s  t is v y ie s  o f  th e  n e c k  o f  th e  fe m u r , b u t  
a  d i f f e r e n c e  i n  th e  p la n e  o f  t h e  e p ip h y s e a l c a r t i l a g e  o f  t h e  h e a d .
T h is  e p ip h y s is  i s  h o r i z o n t a l l y  p la c e d  i n  t h e  f o e t a l  b o n e , and  t o  assume 
t h e  a d u l t  o b l iq u e  p o s i t i o n , t h e r e  i s ,  a s  i t  w e re ,  a  g r e a t e r  am oun t o f  
g r o w th  a t  th e  o u t e r  end th a n  a t  th e  in n e r  end  o f  t h e  p l a t e . ( T h i s  
p o i n t  w i l l  be m ore  f u l l y  d e a l t  w i t h  l a t e r ) .
M any a u th o r s  a ls o  h o ld  t h a t  t h e r e  i s  a  s e n i le  c h a n g e , -  
a  f u r t h e r  r e d u c t io n  o f  th e  a d u l t  a n g le .  A g a in s t  t h i s  change  HUMPHRY 
h a s  w r i t t e n  m o s t c o n c lu s i v e l y , and  on a s e r ie s  o f  m e a su re m e n ts  o f  
s e n i l e  bones  b a s e s  th e  d e d u c t i o n , " t h a t  t h e r e  i s  no  te n d e n c y  f o r  th e  
a n g le  t o  c o l l a p s e . i n  o ld  p e o p le " .  I n  o th e r  w o rd s ,  th e  m e c h a n ic a l a n d  
th e  d e v e lo p m e n ta l f o r c e s  h a v in g  a c te d  up  t i l l  t h e  end o f  d e v e lo p m e n t
i n /
1 .  T h e re  a re  a u th o r s  who h o ld  t o  t h e  id e a  t h a t  t h e  m a in  f a c t o r  
i n  th e  r e d u c t io n  o f  th e  a n g le  i s  th e  p u l l  o f  th e  i l l o - p s o a s  
m u s c le .  I t  c a n  o n ly  be a t  th e  m o s t o f  m in o r  im p o r ta n c e , a s  i s  
e v id e n t  f r o m  th o s e  c a s e s  o f  a m p u ta t io n  b e lo w  th e  i n s e r t i o n  o f  
t h e  m u s c le ,  w h e re  t h e  a n g le  i s  s t i l l  fo u n d  la r g e . ( s e e  T u b b y , 
O r th p p .  B u rg . V o l . 1 . p . 2 6 0 .)
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i n  p r o d u c in g  a s t r u c t u r e  b e s t  s u i t e d  f o r  th e  i n d i v i d u a l  o r g a n is m , th e r e  
i s ,  n o r m a l l y ,  n o  te n d e n c y  f o r  t h a t  s t r u c t u r e  t o  ch a n g e . S u b s t a n t ia t in g  
H u m p h ry ’ s d ic tu m  t h e r e  i s  th e , c o n c lu s io n  o f  CHARPY, " i n  t h e  o ld  p e rs o n  
t h e  a n g le  i s  t h e  same as  i n  th e  a d u l t . "  WARD w r i t i n g  o n  t h i s  su p p o se d  
s e n i le  c h a r a c t e r i s t i c ,  s a y s ,  " T h is  change ( th e  d e c re a s e  o f  th e  s e n i le  
a n g le )  i s  n o t  so  c o n s ta n t  as  CLOQUET and  o t h e r  a n a to m is ts  w o u ld  seem 
t o  r e p r e s e n t  th e m : f o r  on e x a m in in g  th e  t h i g h  bon es  o f  v e r y  o ld  su b ;
: j e c t s  i n  t h e  d i s s e c t i n g  ro o m , I  h ave  fo u n d  many e n t i r e l y  f r e e  f ro m  
th e  d e s c r ib e d  p e c u l i a r i l i e s , and  in d i s t i n g u i s h a b le ,  i n  r e s p e c t  t o  
f o r m ,  f r o m  th e  fe m u r  o f  t h e  w e l l  fo rm e d  a d u l t . "  BELL who f i r s t  d re w
I
a t t e n t i o n  t o  th e  p ro c e s s e s  o f  i n t e r s t i t i a l  a b s o r p t io n  u po n  w h ic h  
th e s e  p r o g r e s s iv e  m e ta m o rp h o s is  d e p e n d , d e s c r ib e s  i t  n o t  a s  a h e a l t h y
. a c t io n  n a t u r a l  t o  th e  s e n i le  p e r io d  o f  l i f e ,  b u t  r a t h e r  a s  an  a b n o r ;
*
:m a l p ro c e s s  i n c id e n t  t o  a d e b i l i t a t e d  o r  o th e r w is e  m o rb id  c o n d i t io n  
o f  th e  econom y i n  p a r t i c u l a r  i n d i v i d u a l s .  (T h e  s u b je c t  was c o n s id e r :
; ed  i n  d e a l in g  w i t h  th e  i n t e r n a l  s t r u c t u r e  o f  th e  b o n e . )
F o r  s u r g i c a l  p u rp o s e s  w h a t i s  know n as A ls b e r g ’ s 
a n g le ,  m u s t be b r i e f l y  d e s c r ib e d .  The m e th o d  o f  o b t a in in g  t h i s  
q u a n t i t y  is 's h o w n  g r a p h i c a l l y  i n  f i g . 2 0 . a s  th e  a n g le  b e tw e e n  th e  
p r o lo n g a t io n s  u p w a rd s  o f  th e  a x is  o f  t h e  n e c k  a n d  th e  b ase  l i n e  o f  
th e  h e a d . The a v e ra g e  s iz e  o f  th e  a n g le  a s  fo u n d  b y  ALSBERO i s  4 1 ° ,  
t h e  v a r i a t i o n  e x te n d in g  f ro m  2 5 ° to  54? ( I t  s h o u ld  be n o te d  t h a t  i n
1885  HENLE h a d  d e s c r ib e d  th e  a n g le  b e tw e e n  th e  l i n e  o f  th e  b ase  o f  
th e  h e a d  and t h e  h o r i z o n t a l  as m e a s u r in g  4 0 °  . ) I n  th e  p r e s e n t  
s e r i e s ,  m e a s u re d  w i t h  th e  c o r r e c te d  base  l i n e ,  th e  a v e ra g e  a n g le  
a m o u n ts  t o  4 2 . 6 ° ,  t h e  ra n g e  o f  v a r i a t i o n  b e in g  f ro m  2 6 °  t o  5 4 ° ,  a 
v a r i a t i o n /
p
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v a r i a t i o n  w h ic h  i s  n o t  c o r r e la te d ,  t o  th e  v a r i a t i o n  o f  t h e  a n g le  o f  
i n c l i n a t i o n .  The p r a c t i c a l  im p o r ta n c e  o f  t h i s  a n g le  i s  s a ia  t o  l i e  i n  
t h e  c h a n g e s  w h ic l^  a r e  p ro d u c e d  i n  i t  i n  th e  c o n d i t io n s  o f  c o xa  v a lg a  
a n d  coxa  v a r a ,  f o r  w h i le  i n  th e  fo rm e r  c o n d i t io n  th e  a n g le  in c r e a s e s  
i n  s iz e  i n  th e  l a t t e r  i t  d e c re a s e s  o r  may e ve n  become a m in u s  f i g u r e ,  
t h e  n o rm a l p r o x im a l  c o n v e rg e n c e  o f  th e  a n g le  l i n e s  b e in g  th e n  r e p la c e d  
b y  a d iv e r g e n c e .  I t  m u s t be e v id e n t ,  h o w e v e r , t h a t  th e  a n g le  o f  i n -  
; o l i n a t i o n  n e e d  n o t  be a l t e r e d  t o  p ro d u c e  a change i n  th e  s iz e  o f  
ALSBERG-'S a n g le .
The f o l l o w i n g  c l a s s i f i c a t i o n s  o f  th e  a n g le  o f  i n c l i n a t i o n  
h a v e  b e e n  made f o r  s u r g i c a l  p u r p o s e s ; -
TUBBY, N o rm a l -  1 2 5 ° -  1 2 8 ° .
C . V a ra  -  b e lo w  1 2 5 ° .
C .V a lg a -  a b o ve  128® ,
M IC K Ü LIC Z . _ n
N o rm a l -  125 -  126  .
F r e q u e n t ly  -  1 2 0 ° -  1 3 3 ° .
E x c e p t i o n a l l y  -  1 1 5 ° -  1 4 0 ° .
The f o l l o w i n g  th e n  a r e  th e  c o n c lu s io n s  a r i i v e d  a t  i n  
r e g a r d  t o  th e  a n g le  o f  t h e  n e o k ; -
1 .  The a n g le  v a r ie s  a t  a n y  g iv e n  a g e .
2 .  I t  i s  in f lu e n c e d  b y  th e  b r e a d th  o f  t h e  p e l v i s  o r  th e
le n g t h  o f  th e  fe m u r ,  so t h a t  t h e r e  i s  no  s e x u a l v a r i a t i o n ,
3 . I t  d e c re a s e s  d u r in g  th e  p e r io d  o f  g ro w th  b u t  a f t e r





I f  th e  l im b  i s  n o t  s u b je c te d  t o  m e c h a n ic a l f u n c t i o n  
f r o m  a n  e a r l y  p e r io d  th e  a n g le  re m a in s  o p e n .
The chan ges  i n  t h e  i n d i v i d u a l  a n g le  a re  d e p e n d e n t on 
th e  g ro w th  o f  t h e  n e c k  a t  t h e  e p ip h y s e a l p l a t e .
1 4 5 .
n e c e s s i t a t e  a l i m i t a t i o n  as  w id e  as — 2 7 °  t o  6 5 °  , y e t  tw o —t h i r d s  o f  
a l l  b o n e s  may be p la c e d  b e tw e e n  4 ® and 2 0 ®.
As r e g a rd s  th e  c a u s a t io n  o f  t o r s i o n ,  i f  one w e re  t o  
be le d  b y  CRUVIELHIER i n  h i s  d e f in e d  'L a w  o f  T o r s io n '  , t h e  t w is t e d  
a p p e a ra n c e  o f  a b o n e ,e .g . t h e  f i b u l a ,  w o u ld  be ta k e n  t o  i n d ic a t e  t h a t  
an  a c t u a l  t o r s i o n  o f  t h e  o s s e o u s  f i b r e s  h a d  d e te rm in e d  th e  r e s u l t ,  
w h e re a s  th e  t w is t e d  a p p e a ra n c e  o f  t h e  f i b u l a  i s  t o  be re g a rd e d  as  no  
m ore  th a n  a m ere m o d e l l in g  o f  t h e  e x t e r n a l  s u r fa c e  as a r e s u l t  o f  
m u s c u la r  a t ia c h m e n t . F o r  a c o m p le te  a p p r e c ia t io n  o f  t o r s io n , h o w e v e r ,  
as  e x p re s s e d  b y  t h e  d i f f e r e n c e s  i n  t h e  p la n e s  o f  th e  a x e s  o f  th e  
a r t i c u l a r  e x t r e m i t i e s ,  i n  t h e  p r e s e n t  in s ta n c e  th e  t o r s i o n  o f  t h e  
fe m u r ,  a s t u d y  m u s t be  made o f  th e  t o r s i o n  as  i t  i s  fo u n d  a t  th e  
v a r io u s  p e r io d s  o f  l i f e ,  and  o f  th o s e  p a t h o lo g i c a l  c o n d i t io n s  i n  
w h ic h ,  i n  t h i s  r e s p e c t ,  th e  fe m u r  h a s  d e v ia te d  f ro m  th e  n o rm a l.  F o r  
t h e  f o r m e r  s tu d y  e x te n s iv e  _ r e fe r e n c e  h a s  been  made t o  th e  w o rk  o r  
Le  Dam any, c e r t a i n l y  t h e  m o s t c o m p le te  a n d  d e t a i l e d  on t h i s  s u b je c t .
T a b le  7 d e t a i l s  th e  am oun t o f  t o r s i o n  a t  d i f f e r e n t  
a g e s . The m e th o d  d e s c r ib e d  b y  PARSONS ( J . A . P . V o l . 4 9 ) was u s e d  i n  th e  
a u t h o r 's  m e a s u re m e n ts .
TABLE 7 .
L e  D am any. W a lm s le y ,
R t . L e f t . R t . L e f t .
0  . 0 . 0 . 0 .
F o e tu s . 8 i  M th s . - 4 . - 8 . « . . .
4 i  " 2 0  ' 2 0 . . . .
6 " 7 t o  22 lO to  8 0 .
8 48 t o  50 50 t o  55 40 4 2 .
9 80 8 6  . , 44 40
C h i ld  1 y e a r 8 4 . 8 8 82 8 6
2 y e a r s . 42 20 t o  4 2 . 80 28
4 y e a r s 30 55 82" Y II




" 1 0 9 t o  24 24n . . . . 26. 16 22.
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N o t e : -  I  h a ve  b e e n  u n a b le  t o  v e r i f y  w i t h  a n y  a e g re e  o f  ao u r a o y  th e  
r e s u l t s  o b ta in e d  b y  U i i  D A E iN Y  f o r  th e  y o u n g e r  f o e t i ,  on  ao o u n t  o f  
t h e  m o b i l i t y  o f  th e  c a r t i l a g in o u s  e p ip h y s is  on th e  o s s e o u s  u ia p h y s is ,  
no  m e th o a  o f  f i x a t i o n  h a z in g  b e e n  fo u n a  w h ic h  c o u la  be r e l i e a  on t o  
r e p r e s e n t  th e  t r u e  c o n a i t io n  a t  th o s e  e a r l y  p e r io a s .  I t  i s  p e r f e c t l y  
o b v io u s ,  h o w e v e r ,  t h a t  a t  e a r l y  p e r io a s  th e  t o r s i o n  i s  a b s e n t  o r  
o n ly  s m a l l  i n  a m o u n t.
The t o r s i o n  o f  th e  fe m u r  i s  th u s  a p r o h u c t ^ o f  i n t r a ­
u t e r in e  l i f e ,  b e in g  a b s e n t  a t  th e  b e g in n in g  o f  th e  f o u r t h  m o n th  b u t  
h e v e lo p in g  t o  a maximum o f  a b o u t  4 0 ^ b y  t h e  ena o f  th e  n i n t h  m o n th . 
A f t e r  b i r t h ,  as  i s  seen  i n  t h e  p r e v io u s  T a b le ,  t h e r e  i s  a r e v e r s e
p r o c e s s ,  a a e t o r s io n ,  so t h a t  th e  a d u l t  t o r s i o n  i s  r e a l l y  p e r s i s t e n t  
p a r t i a l  n o n - a e to r s io n  o f  an  e a r l i e r  c o n d i t io n .  T h a t t h i s  d e t o r s io n  
i s  due  t o  th e  a d a p t a t io n  o f  th e  fe m u r  f o r  m e c h a n ic a l f u n c t i o n  i n  th e  
e r e c t  p o s i t i o n  w i t h  t h e  p o s t e r i o r  p o s i t i o n  o f  th e  l i n e  o f  g r a v i t y  
o f  th e  b o d y  as  i s  show n b y  LE DAMANY i s  u n d o u b te d ly  t r u e ,  f o r  t h e r e  
i s  th e  v a lu a b le  e v id e n c e  o f  th o s e  s t a t e s  i n  w h ic h  f ro m  p a t h o lo g i c a l  
ca u s e s  t h e  fe m u r  i s  no lo n g e r  m e c h a n ic a l ly  n o r m a l.  A s h a s  b ee n  in ;  
; d ic a t e d  i n  a p r e v io u s  s e c t io n  t h e r e  may be d e v ia t i o n  o f  th e  fe m u r  
i n  e i t h e r  o f  tw o  d i r e c t i o n s , f o r , th e  m e c h a n ic a l a d a p ta t io n  may be 
e x p re s s e d  e x c e s s iv e ly  o r  i t  may f a i l  e x p re s  io n  a l t o g e t h e r .  As an  
e x a m p le  o f  th e  f o r m e r  s t a t e  r a c h i t i s  i s  p r e - e m in e n t ,  and  h e re  t h e r e  
i s  n o t  o n ly  a c o m p le te  d e t o r s io n  o f  t h e  f o e t a l  c o n d i t i o n , b u t , a s  a
F i g . 6 8 .
To show th e  o v e r - d e t o r s io n  o f  th e  r a c h i t i c  fe m u r .  ï 'h e re  was a 
c e r t a i n  am oun t o f  c o x a  v a ra  i n  t h i s  s p e c im e n .
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a r u l e ,  an  o v e r - d e t o r s io n , so t h a t  th e  a x is  o f  th e  p r o x im a l  e x t r e m i t y  
i s  1 rom  t h a t  o i  th e  d i s t a l  e x t r e m i t y  i n c l i n e d  b a c k w a rd s  ( f i g . 5 3 . )
The a v e ra g e  a n g le  o i  10 r a c h i t i c  fe m o ra  I  m e a su re d  was fo u n d  t o  be 8*^ 
a s p e c im e n  as  h ig h  as  -3 5 ^  b e in g  th e  m axim um , b u t  o th e r  w r i t e r s  h a ve  
r e c o r d e d  an  e v e n  h ig h e r  a v e ra g e  and  a maximum as g r e a t  a s  - 6 2 0 .  I n  
one s p e c im e n  o f  o s te o m a la c ia  w h ic h  I  h ave  e x a m in e d  th e  b a c k w a rd  in ;  
i c l i n a t i o n  was e x c e s s iv e ,  a m o u n t in g  t o  6Q0. I t  i s  w e l l  t o  n o te  t h a t  
e v e n  i n  t h e  m o s t a d v a n c e d  o v e r - d e t o r s io n  o f  t h e  fe m u r ,  t h e  le g  i s  n o t  
c a r r i e d  i n  t h e  p o s i t i o n  o f  i n t e r n a l  r o t a t i o n .  As re g a rd s  th e  o t h e r  
c o n d i t i o n ,  # ie r e  t h e r e  i s  f a i l u r e  o f  t h e  e x p r e s s io n  o f  th e  m e c h a n ic a l 
a d a p t a t io n ,  th e  b e s t  e x a m p le  o b t a in s  in w h a t  i s  te rm e d  " c o n g e n i t a l  
d i s l o c a t i o n  o f  t h e  h i p " .  F o r ,  w h a te v e r  may be th e  i n d i v i d u a l  a u t h o r 's  
v ie w  o f  th e  e t i o l o g y  o f  t h i s  c o n d i t io n ,  t h e r e  i s  u n iv e r s a l  a g re e m e n t 
t h a t  t h e  n e c k  o f  th e  fe m u r  i s  m a rk e d ly  a n te v e r t e d ,a n d  re m a in s  s o ;  a nd  
among th o s e  who d e t a i l  t h e  a c t u a l  s iz e  o f  t h e  a n g le  t h e r e  i s  a u n i fo r m  
; i t y  o f  t h e  g iv e n  f i g u r e  as  f r o m  4 5 ^ to  5 6 ^ . T h is  i s  e x a c t l y  th e  s iz e  
o f  th e  a n g le  a t  t h e  9 th .  m o n th  o f  f o e t a l  l i f e  as  o b ta in e d  b y  LE DAMANY 
and  b y  th e  w r i t e r ,  so  t h a t  no lo n g e r  s h o u ld  t h i s  e x c e s s iv e  a n t e - v e r ;  
; s i b n  o f  t h e  fe m o r a l  n e o k  be c o n s id e re d  a s  a s e c o n d a ry  p r o d u c t  o f  th e  
d i s l o c a t i o n ,  a s  i s  a t  p r e s e n t  h e ld ,  b u t  m u s t be d e s c r ib e d  a s  th e  e x -  
; p r e s c io n  o f  th e  n o n - r e a c t io n  o f  t h e  f  em ur t o  t h e  n o rm a l m e c h a n ic a l 
r e q u i r e m e n ts .
The d e t o r s io n  o f  th e  fe m u r  o c c u r s , t h e r e f o r e , i n  r e la ;  
; t i o n  t o  th e  t r a n s m is s io n  o f  b o d y  w e ig h t  t h r o u g h  th e  bone  i n  th e  e x .
: te n d e d  p o s i t i o n ,  and  may be v ie w e d  as th e  a s s u m p t io n  o f  a new r e la .
; t i o n /
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r e l a t i o n  t o  th e  p r o x im a l  e p ip h y s is  t o  th e  d ia p h y s is  d u r in g  th e  g ro w th  
o i  t h e  n e c k  o f  t h e  b o n e . The chan ge  m ust be due  t o  th e  u n e q u a l g ro w th  
a t  t h e  e p ip h y s e a l p l a t e ,  a n d  a s  s u c h  i s  in d ic a t e d  i n  t h e  a d u l t  bone  
b y  t h e  c o n v e x i t y  fo r w a r d s  o f  t h e  n e c k .  The d e t o r s io n  w i l l  n o t  o n ly  
a l l o w  o f  th e  c o n v e r s io n  o f  th e  f o e t a l  f l e x i o n  i n t o  th e  e x te n s io n  o f  
t h e  p o s t - i n f a n t i l e  p e r io d  and  th u s  b r in g  th e  lo w e r  end o f  th e  fe m u r  
m ore  i n t o  th e  l i n e  o f  b o d y  g r a v i t y ,  b u t  w i l l  a ls o  a l lo w  o f  t h e  chan ge  
o f  t h e  f o e t a l  p o s i t i o n  o f  i n t e r n a l  r o t a t i o n  t o  t h e  s u b s e q u e n t p o s i t i o n  
i n  w h ic h  th e .  le g  i s  t u m e d  s l i g h t l y  o u tw a rd s .  We w o u ld  th u s  u p h o ld  
IxE DAMANY'S c o n t e n t io n  t h a t  th e  f o e t a r T t o r s io n  i s  th e  d i r e c t  r e s u l t  
o f  t h e  p o s i t i o n  o f  f l e x i o n  i n t o  w h ië h  th e  f o e t a l  l im b  i s  th ro w n .
2. THE AXIS OF THE HEAD.
I t  h a s  b e e n  shown i n  t r e a t i n g  o f  t h e  a n g le  o f  
th e  n e c k  o f  t h e  fe m u r  t h a t  t h e  a x is  o f  th e  n e o k  h a s  a n  i n c l i n a t i o n  t o  
t h e  v e r t i c a l  w h ic h  v a r ie s  a c c o r d in g  t o  t h e  b r e a d th  o f  th e  p e l v i s ,  and  
t h a t  t h e  a x is  i s  m ore  o b l iq u e  i n  th e  b ro a d  th a n  i n  th e  n a r io w  p e l v i s .  
The cau se  o f  th e  v a r i a t i o n  o f  t h e  o b l i q u i t y  o f  th e  fe m o r a l n e o k  h a s  
b e e n  in d ic a t e d  as  th e  a s s o c ia t io n  o f  t h e  c o n s ta n c y  o f  t h e  a n g le  o f  th e  
n e c k  w i t h  th e  d i f f e r e n c e s  i n  th e  i n c l i n a t i o n  o f  t h e  s h a f t  n e c e s s i t a te d  
b y  t h e  d i f f e r e n c e s  i n  t h e  le n g t h  o f  t h e  fe m o r a l  n e c k .  OWEN i n  h i s  
c o n s id e r a t io n  o f  t h e  l im b  s k e le to n  o f  th e  g o r i l l a  re m a rk s ,  " th e  n e c k  
( f e m o r a l )  i n  t h e  g o r i l l a  i s  le s s  o b l iq u e  th a n  i n  t h e  hum an s u b je c t " :  
a n d  CRUVIELHIER h a s  p o in t e d  o u t  t h a t  i n  th e  human s u b je c t  th e  o b l i q :  
: u i t y  i s  g r e a t e r  i n  t h e  fe m a le  t h a n  i n  t h e  m a le .  A s  a p o in t  o f  p r a c :  
; t i c a l  im p o r ta n c e  i t  may be n o te d  t h a t  th e  l i n e  o f  th e  a x is  o f  th e  
f e m o r a l  n e c k  o f  th e  human s u b je c t  may be d e te rm in e d  a s  th e  J p a te ra l 
p a r t  o f  t h e  l i n e  j o i n i n g  th e  b a s e  o f  t h e  g r e a t  t r o c h a n t e r  a n d  t h e  m id  
j o i n t  o f  th e  ’ i n t e r s p in o u s  l i n e * .
The o b l i q u i t y  o f  t h e  fe m o r a l  n e c k  i n  t h e  human 
s u b je c t  i s  s u c h  t h a t  when th e  a x e s  o f  th e  n e c k s  a r e  p r o lo n g e d  in w a rd s  
t h e y  i n t e r s e c t  a t  a  p o in t  f a r  b a c k  on th e  a n t e r o —p o s t e r i o r  p e l v i c  
d ia m e t e r ; /
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a ia m e te r ;  b u t  as  th e  p e l v i s  n a n  ows t h i s  i n t e r s e c t i o n  o c c u rs , n e a r e r  
t o  t h e  i n t e r - a c e t a b u l a r  l i n e ,  ( t i g s ,  5 4 .5 5 ,  ana  5 6 . )  T h is  m e a n s 'th a t  
t h e i ‘6 i s  i n  p e lv e s  o f  a i f f a r i n g  in a io e s  a d i f . t ’e re n o e  o f  t h e  i n c l i n a t i o n '  
o f  th e  a x e s  o f  t h e  fe m o ra l n e c k s  t o  th e  l i n e s  o f  w e ig h t  t r a n s m is s io n  . 
f r o m  th e  s a c r o - i l i a c  j o i n t s  t o  th e  a c e ta b u la ,  and  t h i s  d i f f e r e n c e  i s  
s u c h  t h a t  th e  b r o a d e r  th e  p e l v i s  th e  m ore n e a r l y  i n  one l i n e  w i l l  th e  
a x i s  o f  t h e  n e o k  a n d  th e  c o t y lo - s a c r a l  l i n e  be  p la c e a .  D e p e n a in g  on 
t h i s  d i f f e r e n c e  i s  th e  v a r y in g  i n c l i n a t i o n  o f  th e  a x is  o f  t h e  h e a d  o f  
t h e  fe m u r  t o  t h e  a x is  o f  th e  n e c k .
F i g . 54 ( a ) . 
Human P e lv i s .
1
P i g , 5 4 . ( b ) .
The abo ve  p e l v i s  
h a s  b e e n  d ra w n  t o  
s c a le  8c show s th e  
p o i n t  o f  i n t e r s e c ;  
; t i o n  o f  t h e  a xe s  
o f  t h e  f e m o r a l  necks. 
A n g le  a t  A - 3 9 ° , 
(a v e ra g e  o f  e ig h t  
spec im ens;K R A U S E  
fo u n d  i t  4 1 ° . )
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P i g . 5 5 . ( a ) . 
P e lv i s  o f  G o r i l l a .




F i g . 5 5 . ( b ) .
The p e l v i s  o f  th e  g o r i l l a  
h a s  b e e n  d ra w n  t o  t h e  same 
s c a le  as  f i g .  5 4 , a n d  
show s th e  p o in t  o f  i n t e r ;
; s e c t io n  o f  th e  a x e s  o f  
t h e  fe m o r a l  n e c k s .
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F i g . 5 6 . ( a ) , 
P e lv is  o f  T ig r e s s
^  -KW/fv.
P i g . 5 6 . ( b ) .
The p e l v i s  o f  th e  t i g r e s s  h a s  b e e n  d ra w n  t o " t h e  same s c a le  a s  
f i g s . 54 a n d  55 a n d  shows th e  i n c l i n a t i o n  and  i n t e r s e c t i o n  o f  th e  
a x e s  o f  th e  f e m o r a l  n e c k s .
The m o r p h o lo g ic a l  a x i s  o f  th e  h e a d  i s  th e  l i n e  
p e r p e n d ic u la r  t o  th e  c e n t r e  p o in t  o f  th e  base  l i n e  o f  th e  h e a d ,a n d  as 
s u c h  w i l l  be d i r e c t e d  u p w a rd s , in w a r d s , and s l i g h t l y  b a c k w a r d s . ( v id e ,  
'b a s e  l i n e  o f  h e a d ') .
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I n  f ig »  5 1 . i t  i s  shown t h a t  in , th e  hum an s u b je c t  t h i s  a x is  o f  th e  
h e a d  i s  i n  th e  p e r p e n d ic u la r  p l a n e , i n c l i n e d  t o  t h e  a x is  o f  th e  n e c k  
a t  a n  a n g le  o f  5 ^  (a v e ra g e  f i g u r e , )  and  T a b le  8 show s th e  in c r e a s e d  
s iz e  o f  t h e  same a n g le  i n  a s e r ie s  o f  a n im a ls  w i t h  r e l a t i v e l y  n a r ro w  
p e lv e s .
TABLE 8 .
P e lv ic  in d e x . A n g le  o f  h e a d .
Hum an.M . 
T ig r e s s . 
Pum a. 
A s s .
D e e r .
9 5 . ( a v e r . )  
1 3 4 .
151
1 3 4 .
1 5 8 .
0





( 1 ) .  T h e re  i s  c o n s id e r a b le  v a r i a t i o n  i n  t h e  s iz e  o f  t h i s  
a h g le ;  f i g u r e s  on  th e  m in u s  s id e  e v e n  b e in g  fo u n a .
The a n g le  g iv e n  a im s  a t  r e p r e s e n t in g  th e  m ean.
T h is  d i f f e r e n c e  i n  th e  o b l i q u i t y  o f  t h i s  a x is  
o f  t h e  hea d  r e l a t i v e  to  th e  a x is  o f  th e  n e c k  i s  a re s p o n s e  t o  t h e  
m e c h a n ic a l r e q u ir e m e n ts ;  f o r  th e  h ea d  o f  t h e  fe m u r ,  as  a p re s ;, u r e  
o r  w e ig h t  t r a n s m i t t i n g  e p ip h y s is ,  w i l l  be p la c e d  i n  th e  p o s i t i o n  
b e s t  a d a p te d  f o r  " t a k in g "  th e  w e ig h t  f r o m  th e  a c e ta b u lu m ,a n d  so i t s  
a x is  w i l l  te n d  t o  l i e  m ore  o r  le s : :  i n  th e  s a c r o - a c e t a b u la r  l i n e .
Thus i n  lo w e r  a n im a ls  th e  a x is  o f  t h e  h e a d  i s ,  r e l a t i v e l y  t o  th e
u.-
a x is  o f  t h e  n e c k ,  mOch m ore v e r t i c a l  t h a n  i n  t h e  human s u b je c t ,  and  
th e  e p ip h y s e a l a a r t i l a g e  i s  a lm o s t  h o r i z o n t a l l y  p la c e d .  I n  th e
f o e t u s  o f  t h e  hum an s u b je c t  th e  same c o n d i t i o n  i s  f o u n d , so t h a t  i n  
a d d i t i o n  t o  th e  la r g e  a n g le  o f  i n c l i n a t i o n ,  th e  a x is  o f  th e  h e a d  i s  
d i r e c t e d  a lm o s t  v e r t i c a l l y  u p w a rd s . T i l l  th e  end o f  t h e  f i r s t  
y e a r  t h e r e  i s  l i t t l e  a l t e r a t i o n  o f  th e  fe m u r  i n  th e s e  r e s p e c ts ,a n a  
t h e /
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t h e  e p ip h y s e a l c a r t i l a g e  w i l l  be lo u n a  h o r i z o n t a l  i n  p o s i t i o n  e -e n  
a s  l a t e  as  th e  t h i r d  y e a r .  A l t e r  t h i s  p e r i o a , h o w e v e r , th e  c a r t i l ;
:a g e  comes m ore and m ore t o  o c c u p y  an  o b l iq u e  p o s i t i o n , s o  that b e fo r e  
i t s  I ' i n a l  a b s o r p t io n  i t  s lo p e s  aow nw aras a n a  inwards at a n  a n g le  o l  
at l e a s t  4 0 ° As  c a u s a t iv e  o l  t h i s  chan ge  t h e r e  h a s  bee n  indicat:
; ea t h e  g r e a t e r  g ro w th  a t  t h e  o u t e r  end o l  t h e  epiphyseal cartilage, 
a n d  a s  a d i r e c t  r e s u l t  o f  t h e  chan ge  i n  p o s i t i o n  t h e r e  are tw o  a l t e r ;
: a t io n s  i n  th e  fo rm  of t h e  fe m u r .  Firstly,there i s  t h e  p r o g r e s s iv e  
decrease i n  th e  a n g le  o f  i n c l i n a t i o n  o f  th e  neck and s e c o n d ly  t h e r e  
i s  th e  change i n  th e  position o f  th e  a x is  o f  th e  h e a d . The h e a d , 
t r a n s m i t t i n g  t h e  same f o r c e  a s  b e f o r e ,  becom es "tilted over" t o  t h e  
oblique a d u l t  p o s i t i o n ,  so  t h a t  a t  t h a t  period of l i f e ,  10 to 14 
y e a r s ,  w h i le  t h e  c a r t i l a g e  i s  i n  th e  a d u l t  o b l i q u i t y  y e t  s t i l l  car; 
z t i l a g i n o u s ,  t h e r e  i s  t h e  g r e a t e s t  tendency to t h e  occurence o f  th e  
c o n d i t i o n  o f  " t r a u m a t ic  slipped epiphysis".
T h a t " s l i p p e d  epiphysis" does occur f r o m  p u r e ly  
t r a u m a t ic  ca u s e s  i s  now u n i v e r s a l l y  admitted, w i t h  singular a g re e m e n t i| 
as to t h e  age  o f  g r e a t e s t  f r e q u e n c y ,  th e  o n ly  differences of o p in io n  
b e in g  as  t o  th e  r e l a t i v e  f r e q u e n c y  of occurence com pared  w i t h  frac; 
: t u r e  o f  th e  n e c k .  I t  i s  i n t e r e s t i n g  to note t h a t  JOHN B E L L , ( E d in ) .  
1 7 9 3 , Anat.of B o n e s , M u s c le s , and  J o in ts ,m a k e s  t h i s  r e m a r k : " . . .  f a l l s  
s e p a ra te  th e  h e a d  o f  th e  fe m u r  i n  y o u n g  people, b u t  b re a k  th e  neck 
of th e  bone o f  those advanced i n  y e a r s . "  WHITMAN s a y s  th e  condi; 
; t i o n  i s  n o t  very common , b u t  th e  g r e a t e s t  n u m b e r of ca se s  occur 
b e tw e e n /
( 1 ) .  I n  fig.51. i f  'A ls b e r g 's  angle' is 4 2 0 , a n d  th e  i n c l i n a t i o n  
o f  th e  a x is  of th e  s h a f t  5°, t h e n  th e  i n c l i n a t i o n  of th e  
c a r t i l a g e  t o  th e  h o r i z o n t a l  w o u ld  be 4 3 ° .
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b e tw e e n  th e  a g e s  o f  10 ana 14 y e a r s . HOPPA m e n t io n s  e x a c t l y  similar 
f a c t s  a na  f i g u r e s .  SPREING-EL d e s c r ib e s  th e  c o n d i t io n  as m ore f r e -  
: a u e n t ,  b u t  a g a in  a s  m o s t f r e v u e n t  b e tw e e n  th e  1 0 th ,  and  1 6 t h . y e a r s .
The m o r p h o lo g ic a l  a x is  o f  t h e  h e a d , th e n ,  i s  n o t  a 
c o n t in u a t io n  o f  th e  a x is  o f  th e  n e c k ,  b u t  i s  p la c e d  m ore  v e r t i c a l l y  
e v e n  i n  th e  a a u l t  hum an s u b je c t .  I t s  o r i e n t a t i o n  i s  so d e p e n d e n t 
on m e c h a n ic a l c a u s e s  t h a t  th r o u g h o u t  th e  m am m alian  s e r ie s  i t  i s  
p la c e d ,  i n  t h e  a d u l t , i n  t h e  s a c r o - a c e t a b u la r  w e ig h t  t r a n s m is s io n  
l i n e .  I n  th e  hum an s u b je c t  i t  i s  a t  e a r l y  p e r io d s  a lm o s t  v e r t i c a l ,  
and  a c q u ir e s  i t s  a d u l t  o b l i q u i t y  b y  an  u n e q u a l g ro w th  a t  th e  ê p ip h y ;
: s e a l  c a r t i l a g e  o f  th e  h e a d .
The a x is  o f  th e  h e a d  th u s  c o n s id e r e d  i s  i n  r e la :  
z t i o n  t o  one  a s p e c t  o n ly  o f  i t s  f u n c t i o n , -  t h a t  o f  " w e ig h t  r e c e p t io n "  
and as s u c h  was te rm e d  " t h e  m o r p h o lo g ic a l  a x i s " . I n  i t s  f u n c t io n  
o f  m ovem ent h o w e v e r th e  h e a d  w i l l  p o s s e s s  a x e s  o f  i t s  p la n e s  o f  m ove:
: m e n t ,a n d  t h a t  o f  f l e x i o n  i s  n o t  c o in c id e n t  w i t h  t h a t  o f  s t r u c t u r e ,  
a s  i s  assum ed i n  t h e  " b a l l  ana s o c k e t "  t h e o r y  o f  r o t a t o r y  m ovem ent.
I n  a d e s t r u c t i v e  th o u g h  e r ro n e o u s  c r i t i c i s m  o f  th e  
v ie w  o f  S IR  CHARLES BELL i n  r e g a r d  t o  th e  n e c k  o f  t h e  fe m u r  b e in g  
e s s e n t i a l l y  a s t a t i c  s t r u c t u r e  th e  e x p o n e n ts  o f  t h e  " b a l l  and s o c k e t "  
t h e o r y  h a v e ,  f o r  th e m s e lv e s ,  d e c id e d  th e  f u n c t i o n a l  c a u s a t io n  o f  th e
I
n e c k .  We q u o te  f r e e l y  f ro m  MORRIS. The f i r s t  f a c t  o f  im p o r ta n c e  |
i n  t h e  c a u s a t io n  o f  t h e  n e c k  i s  i n  o r d e r  t h a t  a n g u la r  m ovem ents o f  I
I
t h e  s h a f t  ( f è f tx io n )  w i l l  be  c o n v e r te d  i n t o  r o t a t o r y  m ovem ents  o f  th e  i
h e a d : d ia g r a m m a t ic a l ly  t h i s  "m ovem ent c o n v e rs io n "  v ie w  i s  e x p re s s ;  {
: ed i n  f i g . 5 7 . P u r e ly  f o r w a r d  a n g u la r  m ovem ent o f  th e  s h a f t  w i t h  |
a /  i:
i 4 r
a ' s t r a i g h t - s e t ' h e a a  (a ) w o u Iq  a e te im in e  an a n g u la r  m o t io n  o l  th e  
h e a a , so t h a t  fe m o r a l  f l e x i o n  t o  o n e - h a l f  w o u lu  be c o in c id e n t  w i t h  a, 
d is p la c e m e n t  t o  o n e - h a l f  o f  th e  h e a d  o f  th e  fe m u r  f r o m  th e  a c e ta b u lu m , 
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n e o k (C )  p u r e l y  a n g u la r  m ovem ent o f  t h e  s h a f t  i s  s a id  t o  be re p ro d u c e d
a s  p u re  r o t a t i o n  o f  th e  h e a d  a b o u t  t h e  a x is  o f  t h e  n e c k  and  th u s  ob ;
/ ± n  f l e x i o n
; v i a t e  d im in u t io n  o f  a r t i c u l a r  s u r fa c e  c o n t a c t / i n  th e  a b s e n c e  o f  d i s :
: p la c e m e n t  o f  th e  h e a d  f r o m  th e  a c e ta b u lu m .  I n  t h e  a c t u a l l y  o c c u r ­
r i n g  c o n d i t i o n s , h o w e v e r ,  th e  a n g le  o f  t h e  n e c k  i s  n o t  one  o f  9 0 °  b u t  
a p p ro x im a te s  1 2 5 ^ , r e p r e s e n te d  a s  i n  (D ) o r  (E ) a n d  th e  w r i t e r s  
c la im  t o  h a v e  show n t h a t  t h e  m ovem ent o f  t h e  h e a d  w i t h i n  th e  a c e ta b u lu m
i s  one o f  r o t a t i o n  ro u n d  i t s  c o r o n a l a x i s , w h ic h  i s  c o in c id e n t  w i t h  a 
p r o lo n g a t io n  o f  th e  a x is  o f  th e  n e c k .  I n  t h i s  h o w e v e r t h e r e  i s  ob ;
: v i o u s /
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o b v io u s  - f a l la c y ;  f o r  t h e r e  has been a t o t a l  d is r e g a r d  o±' th e s e  f a c t s ;
i n
t h a t  th e  a x is  o f  th e  n e c k  i s  n o t ^ t h e  same v e r t i c a l  p la n e  as th e  
t r a n s v e r s e  a x is  o f  th e  s h a f t  ( t o r s i o n  o f  th e  fe m u r ) :  t h a t  th e  move;
:m e n t o f  f l e x i o n  may n o t  be p u r e l y  v e r t i c a l ;  t h a t  th e  p la n e  o f  th e  
v e r t i c a l  m ovem ent o f  th e  s h a f t  i s  n o t  p a r a l l e l  t o  t h e  b a se  o f  th e  
h e a d : i n  ad  i t i o n  i t  w i l l  be show n t h a t  t h e  heaa  o f  th e  fe m u r  i s  n o t
u n i f o r m ly  c i r c u l a r ,  n o r  i s  th e  a c e ta b u lu m  t r u l y  s p h e r i c a l :  A l l  th e s e
a r e  f a c t o r s  w h ic h  i n d i v i d u a l l y  w o u ld  p r e c lu d e  a t r u e  r o t a t i o n  o f  th e  
h e a d  o f  th e  fe m u r  ro u n d  t h e  a x is  d e s c r ib e d  and  a l l  i n d i v i d u a l l y  w o u ld  
c a u s e  a d is p la c e m e n t  o f  t h e  h e a d  o f  t h e  fe m u r  f ro m  th e  a c e ta b u lu m  i n  
f l e x i o n  i f  i t  o c c u p ie d  t h a t  c a v i t y  i n  e x t e n s io n ,  o r  v ic e  v e r s a :  f o r
t h e r e  i s  th e  f a l l a c y  o f  th e  a s s u m p tio n ^  t h a t  t h e  s h a f t  i s  m o v in g  ro u n a  
some f i x e d  p o i n t ,  v a r i o u s l y  p la c e d  on th e  g r e a t  t r o c h a n t e r ,  when i t  
i s  so  o b v io u s  t h a t . t h e r e  can  be no f i x a t i o n  o f  th e  fe m u r  a t  a l l  a p a r t  
f ro m  th e  r e c e p t io n  o f  i t s  h e a d  i n  t h e  a c e t a b u lu r  f a ü i t y .  The a xe s  
o f  m ovem ent o f  t h e  h e a d  m u s t o n ly  be d e te r m in e d  f r o m  i t s  c u r v a t io n .
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3 . THE CURVATURE OF THK HEI/iD ..ND THE /i-XES OF CURVyTUm:.
I t  i s  a re o o g n is e o  f a c t  that th e  heaa  o f  th e  a u u l t  
human femur is not absolutely spherical. MACALIBTER mentions the 
difference o f  1mm. b e tw e e n  th e  r a o i i  o f  c i r c l e s  r e p r e s e n t in g  oororal 
and h o r i z o n t a l  sections, a n d  som ew hat s i m i l a r  r e s u l t s  w e re  o b ta in e a  
b y  ilE B Y , SCHMIDT, KRAUSE and  others. A l l  a g re e  on th e  irregularity 
o f  th e  c u r v a tu r e  of th e  head. KRAUSE a f t e r  a m o st m in u te  e x a m in a t io n  
s u p p o r ts  t h e  conclusion o f  AEBY that " th e  h e a d  i s  n o t  e v e ry w h e re  o f  
the same curvature, but i s  m o s t closely described as an o b l i i u e  p o le  
segment o f  a rotation e l l i p s o i d . "  The figures given by SCHMIDT ana 
by AEBY are as f o l l o w s :  ^
Radius o f  a n t . - p o s t . s e c t io n  ........... M .27  mms.
P . 2 4 .5  mms.
Radius o f  vertical s e c t io n .................... M .26  mms.
P.23 mms.
GOODSIR i n  describing th e  c u r v a t u r e  o f  th e  head says,"if t h e  outline 
of th e  t r a n s v e r s e  a n a  a n t e r o - p o s t e r i o r  diameters of t h e  h e a d  o f  the
femur be f o l lo w e d  by th e  eye a g a in s t  th e  l i g h t ,  i t  w i l l  be o b s e rv e a
that t h e y  a r e  n o t  a r c s  o f  a circle . "  MEYER a ls o  m a in ta in e d  t h a t  the 
h ea d  was not a t r u e  s p h e re ,  believing t h a t  th e  body w e ig h t  i n  th e  
erect posture f a l l i n g  on th e  supero-posterior a re a  of th e  h ea d  woulu 
' cause t h a t  a re a  t o  become f l a t t e r ,  w h i le  on  th e  i n f e r i o r  surface a 
strip will be depressed by t h e  p r e s s u r e  o f  the l ig a m e n tu m  t e r e s .
HYRTL also u p h o ld s  th e  departure from the t r u e  s p h e re ,  f o r  he s t a t e s  
" i f  t h e  head  o f  t h e  femur be c a l l e d  a s p h e re  t h i s  expression cannot 
be taken literally; it is not a sphere but an ellipse of three curva: 




h i s  own w ay t h a t  th e  d e p a r tu r e  o f  th e  h ea d  f r o m  th e  s p h e re  w i l l  i n -  
: f lu e n c e  th e  w o r k in g  o f  th e  j o i n t .  P ICK i n  d is c u s s in g  t h i s  s u b je c t  
c a l l s  a t t e n t i o n ,  th o u g h  n o t  e x a c t l y  w i t h  c a u s e , t o  th e  d is a g re e m e n t  o f  
precious, workers .even as to the greatest or the smallest measurement, 
and h o ld s  t h a t  a n y  i r r e g u l a r i t y  w h ic h  i s  p r e s e n t  i s  r e c t i f i e d  b y  th e  
a r t i c u l a r  c a r t i l a g e ,  a n d  i s  t h e r e f o r e  of a b s o lu t e l y  no  moment in the 
m e chan ism  of t h e  j o i n t .  A s a l r e a d y  in d ic a te d ,h o w e v e r , t h e  shape o f  
t h e  a r t i c u l a r  s u r fa c e s  o f  t h e  j o i n t  i s  th e  u l t im a t e  d e te r m in a n t  of 
i t s  m e ch a n ism .
I n  o b t a in in g  th e  v a r io u s ,  c u r v a tu r e s  g iv e n  b e lo w  
v a r io u s  means w e re  t r i e d ,  b u t  th e  m o s t s a t i s f a c t o r y  r e s u l t s , th o s e  
w h ic h  w e re  f i n a l l y  a d o p te d ,  r e p r e s e n t  t r a c in g s  o f  a c t u a l  s e c t io n s  o f  
th e  bone  a t  th e  d e s i r e d  l e v e l .  I n  a l l  c a s e s  th e  h e a a  o f  th e  fe m u r  
i n  a s  f r e s h  a c o n d i t io n  as  p o s s ib le  w as u s e d , s o  t h a t  t h e  a r t i c u l a r  
c a r t i l a g e  was p r e s e n t  i n  as  n e a r  th e  n o rm a l fo rm  a s  i t  was p o s s ib le  t o  
o b t a in  i t .
E ve n  a t  th e  r i s k  o f  a s u b s e q u e n t r e p e t i t i o n  i t  
w i l l  be n e c e s s a r y  t o  i n d ic a t e  i n , t h i s  p la c e  th e  o r i e n t a t i o n  o f  th e  
h e a d  o f  t h e  fe m u r  w i t h i n  th e  a c e ta b u lu m ,  e s p e c ia l l y  i n  th e  e r e c t  
p o s i t i o n .  I n  th e  a c t  o f  w a lk in g  o r  i n  th e  a d o p t io n  o f  th e  m o s t com:
: P o r t a b le  p o s i t io n * w h e n  s t a n d in g  e r e c t ,  th e  m e d ia l s id e s  o f  t h e  h e e ls  
a r e  m ore a p p ro x im a te d  t h a n  a re  th e  t o e s ,  so  t h a t  th e  fe m o ra  a re  i n  a 
, p o s i t i o n  o f  s l i g h t  e x t e r n a l  r o t a t i o n .  When t h i s  r o t a t i o n  i s  t r a n s -  
i l a t e d  t o  th e  s u p e r io r  e x t r e m i t y  o f  th e  b o n e , i t  w i l l  be fo u n d  t h a t  
t o g e t h e r  w i t h  th e  t o r s i o n  a l r e a d y  p r e s e n t ,  t h e  n e c k s  o f  th e  fe m o ra  
a r e  made t o  p o in t  a s  m uch fo r w a r d s  a s  in w a r d s .  . So t h a t  i n  d e f in in g  
t h e /
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th e  c u r v a tu r e  a lo n g  w h ic h  th e  h ea d  o f  th e  bone  i s  a c t in g ,  c a re  m u s t be
T ? - -
P ig .  5 8 .
P h o to g ra p h  o f  an  a n t e r o - p o s t . p la n e  
a t  r i g h t  a n g le s  t o  t h e  p la n e  o f  
m ovem ent o f  th e  h e a d ,a n d  th r o u g h  th e  
h ig h e s t  p o i n t  o f  th e  t e r e s  f o s s a .
P i g . 5 9 .
P h o to g ra p h  o f  a c o r o n a l 
p la n e  a t  r i g h t  a n g le s  t o  
th e  fo r m e r ,a n d  t h r o u g h  th e  






P i g . 6 0 .
T r a c in g  o f  a n  a n t e r - p o s t r e e t i o n  i n  
a p la n e  a t  r i g h t  a n g le s  t o  th e  p la n e  
o f  m ovem ent o f  t h e  h e a d , and th r o u g h  
th e  h ig h e s t  p o i n t  o f  th e  t e r e s  fo s s a ,  
( a d u l t  m a le . )
P i g . 6 1 .
T r a c in g  o f  a c o r o n a ls e c t io n  ' 
a t  r i g h t  a n g le s  t o  t h e  f o r :  ; 
:m e r ,a n d  th r o u g h  th e  m i& d le  . 
o f  th e  t e r e s  f o s s a , ( A d u l t  
m a le ,s a m e  a s  f i g . 3 6 . )
ta k e n  t o  make th e  s e c t io n  i n  th e  a p p r o p r ia t e  p la n e ,w h ic h  i s  n o t  a t  
r i g h t  a n g le s  t o  th e  m o r p h o lo g ic a l  a x is  o f  t h e  h e a a  ana  p a r a l l e l  t o  
t h e /
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t h e  a r t i c u l a r  m a rg in ,  b u t  i n c l i n é e  t o  t h e  a x is  a t .  a b o u t , on an  a v e ra g e ,  
42^. A a e s o r i p t i o n  o f  th e  plane o f  e a c h  s e c t io n  i s  a n a  i t  w i l l  be 
u n a e r s to o a  t h a t  th o u g h  o n ly  one such s e c t io n  may be f i g u r e a  t h i s  i s  
m e r e ly  th e  r e p r e s e n t a t io n  o f  a s e r ie s  o f  s i m i l a r  s e c t io n s .
These tw o  s e c t io n s  ( f i g s . 60 ana 6 1 , )  d e m o n s tra te  t h a t  
th e  h e a a  o f  t h e  fe m u r  i s  not truly s p h e r i c a l ,  s e c t io n s  i n  a i f f e r e n t  
p la n e s  h a v in g  a i f f e r e n t  radii o f  c u r v a t u r e .  Now n o t  only a o e s  th e  s e c ; 
„ t i o n  o f  a n  a n t e r o - p o s t e r i o r  plane a i f i ' e r  i n  i t s  r a a iu s  f r o m  t h a t  o f  a 
c o r o n a l  p la n e ,  b u t  w h a t i s  really im p o r ta n t  i s  that w h a t Is a e s c r ib e a
Ct/OÆ-
as t h e  c i r c l e s  o f  th e s e  s e c t io n s  Is . i n  each ca se  maae up o f  tw o  a r c s  of 
a i f f e r e n t  r a a i i ,  and th e  chan ge  o f  c u r v a t u r e  ta k e s  p la c e  at th e  fo s s a  
f o r  t h e  l ig a m e n tu m  t e r e s . T h a t  i s  evident f r o m  th e  p h o to g ra p h s  shown, 
and i s  d e m o n s tra te d  i n  f i g s . 62 a n a  6 3 .
F i g . 62 F i g , 63
T r a c in g s  o f  s e c t io n s  p a s s in g  th r o u g h  the c e n t r e  o f  t h e  h e a a  so a s  t o  
b i s e c t  th e  p o s t e r o - s u p e r io r  a na  a n t e r o - i n f e r i o r  q u a d r a n t s , th e  bone 
being orientated i n  th e  e r e c t  position.
From  a large s e r ie s  o f  sections made i n  d i f f e r e n t  
planes i t  was d e te r m in e d  t h a t  t h e  arc o f  greatest c u r v a t u r e  i s  that o f  
t h e /
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t h e  s u p e r o - p o s t e r io r  p a r t  o f  th e  h e a a , w h i le  th e  a r c  o f  s m a l le s t  
r a a iu s  was t h a t  p o r t i o n  o f  t h e  heaa  o f  th e  fe m u r  b e lo w  ana a n t e r i o r  t o  
th e  fo s s a  f o r  th e  l ig a m e n tu m  t e r e s .
The n e x t  s e r ie s  o f  s e c t io n s  w e re  maae p a r a l l e l  t o  
th e  b ase  l i n e  o f  th e  heaa a t  \rarying a is ta n o e s  f r o m  i t ,  so  t h a t  t r a c ;  
lings w e re  o b ta in e a  o f  th e  w h o le  circumference of th e  heaa  a t  r i g h t  
a n g le s  t o  its m o r p h o lo g ic a l  a x is  ( f i g s . 6 4 .ana  6 5 . )
F i g . 6 4 .
T r a c in g s  o f  s e c t io n s  p a r a l l e l  t o  th e  base  l i n e  of t h e  h e a a  a t  r i g h t  
a n g le s  t o  the a x is  o f  the h e a a :A,as f a r  m e a ia l a s  po&  i b l e :  B, an 





T r a c in g s  o f  s e c t io n s  a s  a b o v e , b u t  a s  n e a r  t h e  base l i n e  
a s  p os  i b l e ,  t h a t  i s  b e y o n a  th e  g r e a t e s t  c u r v a t u r e .
F rom  th e s e  s e c t io n s  a a . i t i o n a l  e v ih e n c e  o f  th e  
n o n - s p h e r i c i t y  o f  th e  h e a a  of t h e  fe m u r  i s  o b t a in e d , a n d  an  a n a ly s is  
of th e  in c id e n c e  o f  th e  d i f f e r e n c e s  o f  curvature d e m o n s tra te s  t h a t  th e  
a r c  o f  th e  head, o f  l a r g e s t  radius i s  th e  p o s t e r - s u p e r io r  quadrant , a m  
th e  s m a l le s t  curvature i s  a n t e r o - i n f e r i o r l y , f r o m  th e  m e d ia l p la n e  as  
far l a t e r a lw a r d s  as th e  p la n e  o f  g r e a t e s t  c u r v a t u r e .  L a t e r a l  t o  t h i s  
p la n e ,h o w e v e r , that is beyond th e  p la n e  o f  greatest c u r v a t u r e ,  th e  
shape  o f  th e  h e a d  undergoes a c h a n g e , f o r  now th e  arc o f  g r e a t e s t  cur: 
:vature i s  e x a c t l y  w h e re  b e fo r e  i t  was least,antero-inferiorly.
L a s t l y ,  s e c t io n s  o f  t h e  head w e re  made i n  t h e  
p la n e  o f  m ovem ent. ( f i g . 6 6 . )  T hese  show i n  a m ore  m a rke d  d e g re e  
a d e p a r tu r e  f ro m  th e  s p h e r i c a l ,  w hose in c id e n c e  c o r re s p o n d s  e x a c t l y  
w i t h  that p r e v io u s ly  d e m o n s tra te d .
15 5.
F i g . 6 6 .
T r a c in g s  o f  s e c t io n s  th r o u g h  th e  p la n e  o f  m o v e m e n t.
B e fo r e  th e  h e a d  o f  th e  fe m u r  i s  c o n s id e r a b ly  
o s s i f i e d ,  we h a ve  fo u n d  i t  im p o s s ib le  t o  d e te rm in e  w i t h  ac  u r a c y  i t s  
e x a c t  c u r v a t u r e .  I n  th e  f o e t u s  ‘a nd  up t i l r  t h e  p e r io d  a t  w h ic h  th e  
c h i l d  b e g in s  t o  w a lk  t h e  h e a d  o f  t h e  fe m u r  a p p e a rs  t o  be s p h e r i c a l ,  
( f i g . 6 7 . )  b u t  s u b s e iu e n t  t o  t h i s  p e r io d  i t  was fo u n d  t h a t  t h e r e  was 
a g r a d u a l f l a t t e n i n g  o u t  o f  th e  s u p e r o - p o s t e r io r  l u a d r a n t , i n c r e a s in g  
th e  c u r v a tu r e  o f  t h a t  a r c .  ( f i g . 6 8 ) .  T h is  f l a t t e n i n g  o u t  d ep ends
F i g . 67
P r o x im a l end  o f  fe m u r  a t  b i r t h .
F i g . 6 8 .
S e c t io n  o f  th e  h e a d  o f  th e  
fe m u r  a t  5 y e a r s , i n  th e  p la n e  
o f  m o ve m e n t.
16Ô.
uep e n ü s  on th e  r e c e p t io n  ol' t h e  t r a n s m i t t e a  b o a y  w e ig h t , t h e  in c io e n c e  
of #iieh a t  th e s e  e a r l y  p e r io a s  of l i f e , o w i n g  t o  th e  la r g e  a n g le  o i 
i n c l i n a t i o n  ana  t h e  vertical u i r e c t i o n  o f  t h e  a x is  of th e  h e a a , is on 
th e  s u r fa c e  im m e u ia te ly  l a t e x a l  t o  th e  t e r e s  f o s s a .  W ith  t h e  a e c re a s e  
of the angle of the neck ana the increasing obliruity of the axis of 
t h e  head, t h e r e  o c c u rs  t h a t  lateral e x p a n s io n  o f  the s u p e r io r  articular 
surface as already describee: ana this further area undergoes flatten:
:ing of i t s  a r c  o f  c u r v a tu r e  f ro m  th e  new  incidence o f  th e  boay w e ig h t .  
The  o r i g i n a l  flattened a r e a ,  now b e in g  directed towares th e  p o le  o f  
th e  sphere, d o e s  n o t  undergo a further relative increase of i t s  r a a iu s  
of c u r v a t u r e ,  and so t h e  differences o f  c u r v a t u r e  i n  the plane o f  m o .e ; 
:ment are l e s s  m a rke d  towards t h e  p o le  o f  th e  s p h e re  t h a n  towards th e  
p la n e  o f  maximum r a d iu s .  We have been u n a b le  t o  determine a n y  f l a t -  
:tening on th e  inferior a r t i c u l a r  surface beyond th e  t e r e s  fossa,as 
suggested b y  MEYER.
A m in u te  comparison w i t h  th e  c u r v a tu r e  o f  th e  h ea a  
in q u a d ru p e d s  h as  n o t  b e e n  a t te m p te d ,  b u t  t h e  c u r v a t u r e  i n  t h e  g o r i l l a  
affords a n  interesting c o m p a r is o n  w i t h  th e  c u r v a tu r e  i n  m an. I n  t h e  
g o r i l l a  th e  supero-anterior area of the head i s  distinctly flattened, 
so that i t s  a r c  o f  curvature i s  4mms. lo n g e r  i n  i t s  r a d iu s  th a n  t h a t  
of o t h e r  p a r t s  o f  th e  head.(AEBY) . T h is  d i f f e r e n c e  o f  th e  in c id e n c e
Eig.69.Pole view of the head o f  the fe m u r  o f  the g o r i l l a . ( a f t e r  AEBY.).
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in c id e n c e  o f  f l a t t e n e d  a re a  i s  r o  d o u b t  due t o  t h e  d i f f e r e n c e  o f  t h e  
in c id e n c e  of the boay weight on t h e  flexed femora of this s p e c ie s .
From the d i f f e r e n t  s e c t io n s  d e s c r ib e d , f r o m  th e  
r e fe r e n c e  made t o  i t s  o n to g e n y ,  a nd  f r o m  a c o m p a r is o n  w i t h  t h e  c u r :
: v a tu r e  in the gorilla, it h a s  been r e s o lv e d ,  that the heaa of the 
femur is not spherical in the adult human s u b je c t :  t h a t  it s h o u ld  be 
considered as the compound of different areas, or acting f a c e t s ,  t h a t  
of largest radius being supero-posterior a nd  the smallest antero-in; 
;ferior: and  that the differences of c u r v a tu r e  of these areas are of 
s u c h  a, magnitude as will determine that s e p a ra te  incidence of action 
which is n e c e s s a ry  in an  o r g a n is e d  articular couple, A d e f i n i t i o n  
o f  th e  s e p a r a te  " a r e a s  o f  a c t io n " c a n  o n ly  be fo u n d e d  on an  a c ; u r a t e  
k n o w le d g e  of the r e la t i o n s h i p  which the h e a d  of the fe m u r  bears to t i e  
a c e ta b u lu m  i n  a l l  p o s i t i o n s  o f  th e  j o i n t ,  so t h a t  t h e  in c id e n c e  of 
t h e  a re a s  o f  c o n g r u i t y  o f  th e  o p p o s in g  a f t i c u l a f  s u r fa c e s  a nd  th e  
p o s i t i o n  of the limb in which the c o n g r u i t y  o c c u rs  may be known.
We propose,however, to recognise that the head of the femur is not 
s p h e r i c a l :  t h a t  i t s  g r e a t e s t  c u r v a t u r e  i s  p o s t e r o - s u p e r io r l y :  t h a t
this c u r v a tu r e  decreases g r a d u a l l y  and in a uniform manner when 
t r a c e d  anteriorly or posteriorly, and re a c h e s  its minimum in the 
antero-inferior l u a d r a n t .
I n  d e te r m in in g  th e  g e o m e tr ic  f o r m  to  
w h ic h  t h e  head  o f  th e  fe m u r  m o s t c i o s e l y  a t t a i n s ,  i t  i s  n e c e s s a ry  
t o  o r ie n t a t e  th e  p e r ip h e r a l  c u r v a t u r e s  on  t h e i r  a x e s .  The 
p r i n c i p l e  a x is  o f  th e  h e a d  i s  th e  l i n e  f r o m  th e  c e n t r e  o f  th e  
b a s e  l i n e  th r o u g h  th e  c e n t r e  o f  mean c u r v a t u r e  o f  i t s  p la n e s ,  
and  t r a c e d  in  a m e d ia l d i r e c t i o n  in d ic a t e s  th e  a p ic a l  p o ie .
1 5 8  •
T h is  a x is  does n o t  c o in c id e  w i t h  th e  m o r p h o lo g ic a l  a x is  o f  
t h e  h e a d  h n t  has  a h o r i z o n t a l  i n c l i n a t i o n  f r o m  i t  : i t  i s  th e  
a x is  o f  th e  m ovem ents o f  f j  e x io n  and e x te n s io n  and d e te rm in e s  
th e  apex o f  th e  head i n  th e  r e g io n  o f  th e  a n t e r i o r  a n g le  o f  th e  
t e r e s  f o s s a ,  ( f i g .  7 0 . )  R e v o lv in g  r o u n d  t h i s  a x is  i s  a r a d iu s  
o f  C o n s ta n t ly  v a r y in g  d im e n s io n  m a x im a l i n  t h e  pos  t e r  o - s u p e r  i o r  
q u a d r a n t  and m in im a l a n t e r o - i n f e r i o r l y ,  s in c e  s e c t io n s  a t  r i g h t  
a n g le s  to  t h e  a x is  w e re  n o t  s p h e r i c a l  and s i m i l a r l y  e x te n s iv e  
a r c s  o f  th e  s u r fa c e  m e a su re d  f r o m  th e  p o le  o f  p la n e s  th ro u g h  th e  
a x is  w e re  n o t  i d e n t i c a l  in  c u r v a t u r e .  The head i s  n o t  t h e r e f o r e
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a p o le  segm en t o f  a r o t a t i o n a l  e l l i p s o i d .  We h e le i v e  t h a t  i t  
i s  m o s t c l o s e l y  d e s c r ib e d  as th e  com pound o f  tw o  e l l i p s e s  on a 
Common a x is  w h ic h  in  d i r  e c t io n  i s  a t  r i g h t  a n g le s  to  th e  l i n e  o f  
th e  t e r e s  f o s s a  l ig a m e n to u s  a t ta c h m e n t :  and t h a t  t h e  tw o a re a s ,  
th u s  s e p a r a te d ,  c o n s t i t u t e  th e  a c t in g  f a c e t s  o f  th e  head o f  th e  
f e m u r . f f i g .  7 1 . )  Rven t h i s  d e s c r i p t i o n ,  h o w e v e r ,  i s  o n ly  a p p ro x  
Z im a te ,  b u t  i t  e x p re s s e s  th e  in c re a s e  o f  c u r v a t u r e  o f  e ach  a rc  
to w a rd s  th e  p o le  in  s e c t io n s  o f  p la n e s  th ro u g h  th e  p r i n c i p l e
159.
a x is , ,  and d i s t i n g u is h e s  th e - .c h a n g e  o f  c u r v a t u r e  o f  th e  s u r fa c e s  in  
s e c t io n s  a t  r i g h t  a n g le s  to  t h a t  a x i s .
4 .  TH3 PC aiT rO N  OF TH? AOgTABULUM.
The - p o s i t io n  o f  th e  a c e ta b u lu m  m u s t be
d e te rm in e d  i n  r e l a t i o n  to  tw o  f a c t o r s :  f i r s t  i n  r e l a t i o n  t o th e
w e ig h t  t r a n s m is s io n  o f  th e  b o d y ,  c o n c e rn e d  in  w h ic h  a re  th e
m e c h a n ic s  o f  t h e  p e l v i s  and th e  mode o f  th e  f u r t h e r  t r a n s m is s io n
o f  th e  b o d y  w e ig h t  to  th e  s t r u c t u r a l  a x is  o f  th e  head o f  th e  f e i . u r  :
and s e c o n d , a p o s i t i o n  r e l a t i v e  to  th e  m ovem ents o f  th e  head as
d e te rm in e d  b y  th e  r e l a t i o n  o f  i t s  a x is  o f  c u r v a t u r e  to  t h e  axes
o f  m ovem ent o f  th e  head o f  th e  fe m u r .  The l a t t e r  p o i n t  i s  in c lu d e d
in  th e  c o n s id e r a t io n  o f  i t s  c u r v a t u r e .
The p e l v i s  as a w e ig h t  t r a n s m i t t i n g  s t r u c t u r e :  As
a l r e a d y  in d ic a t e d  in  d e a l in g  w i t h  th e  le n g t h  o f  th e  necp  o f  th e
fe m u r ,  th e  p o s i t i o n  o f  th e  a c e ta b u lu m  v a r ie s  a c c o r d in g  to  th e  r e l a t :
( 1 )
: i v e  b r e a d th  o f  th e  p e l v i s :  so t h a t  in  a b ro a d  -o e l  v i s
F i g .  7%.
C o m p a ris o n  o f  th e  p e lv e s  o f  th e  ass and  th e  d e e r ,  
1 .  Compare f i g s .  4 3 , 4 4 ,  and 7%.
16C.
th e  i n t e r  ~ac e ta b  111 a r l i n e  i s  p la c e d  l io r e  p o s t e r io r } ,  y th a n  in  a
n a r ro w  p e l v i s ,  a s s o c ia te d  w i t h  w h ic  h t h e r e  i s  a g r e a te r  d iv e rg e n c e
o f  th e  p e l v ic  l i n e s  o f  is e ig h t  p r o p a g a t io n .  These  f a c t s  le a d  to  th<
d e f i n i t i o n  o f  th e  s t a t i c s  o f  th e  o e ] v is  in  th e  e r e c t  p o s i t i o n :
t h a t  th e  n o n -w e ig h t  b e a r in g ,  th o u g h  s t r a i n  r e s i s t i n g ,  a n t e r i o r
p a r t s  dep e n d  f o r  t h e i r  c o n fo r m a t io n  on th e  w e ig h t  t r a n s m i t t i n g
( 1 )
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"b  show th e  e f f e c t  o f  t h e  am oun t o f  d iv e rg e n c e  o f  th e  
w e ig h t  t r a n s m is s io n  l i n e s  on th e  c o n fo r m a t io n  o f  th e  
a n t e r io r  p a r t s  o f  th e  p e l v i s .
p e lv e s ,  a w id e  A -  B and a n a r ro w  A -  C , th e n  o w in g  to  th e  
d i f f e r e n c e  o f  d iv e rg e n c e  o f  th e  w e ig h t  t r a n s m i t t i n g  l i n e s  th e r e  
w i l l  be  a d i f f e r e n c e  in  th e  i n c l i n a t i o n  to  th e  v e r t i c a l  o f  th e  
o th e r  c o m p o n e n t o f  t h a t  v e r t i v a l  f o r c e  o f  w h ic h  A -  B o r  A -  0 
fo rm s  th e  a c t u a l  t r a n s m is s io n  l i n e ,  and th e  m ore  v e r t i c a l  th e  one 
C o m p o n e n t th e  m ore h o r i z o n t a l  w i l l  t h a t  o t h ^  c o m p o n e n t b e ,  b u t
1 .  F o r  th e  m e c h a n ic s  o f  th e  p e lv  i s  r e fe r e n c e  may be ra d e  to  
WCCI),«3 a r t i c l e  o n  th e  p e l v i s  i n  TODD,*> F n c y l ,  o f  A n a 't.  
w h e re , th o u g h  n o t  s t a t e d ,  th e  in f 'e re n c e  h e re  d ra w n  
r e c e iv e s  f u i ]  s u p p o r t .
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t h e  a n g le  be eon  t h e  b  'o c o m n o n e n ts  s h o u ld  r  e r a  I n  a. c ons t a n t .  
Thus a na rro T : p e l v i s  r e q u i r e s  a lo n g  uos t - a c  e t a b u l a r  as com pared  
v ' i t h  t h e  p r  e - ac e t a b u l  a r  u a r  t  o f  th e  a n t e r  o--oos t e r  i o r  d ia i r ie te r  : 
and  as t h e  p e l v  i s  b r o a d e n s ,  th e  f u r t h e r  bach  T . i l l  t h e  t r  an er s e 
d ia m e te r  be p la c e d *  On T a b le  9 r e s u l t s  on t h i s  p o i n t  a re  
g i v e n  f o r  t h e  I n  nan s u b j e c t :  and f i g .  74  {d ra v /n  t o  s c a le )  
r e p r e s e n t s  g r a p h i c a l l y  t h a t  t h e  d i f f e r e n c e s  o f  p o s i t i o n  o f  t h e  
p e l v i©  s t a t i c  l i n - s  a re  c o i n c i d e n t  w i t  'i t h e  v a r i a t i o n  o f  th e  
ac e t a b u l  ar p o s i t i o n .
TABLE 9 .
A n t . -p o s  t . Pos t .  ac e t . p r  e^ac e t . T r ans • 'n d e x .
C li iS . C I'xS • cms • c m s.
M . . . 9 .6 3 .9 5 .7 1 0 .7 9 0 .
M . .  « 1 1 .8 5 .8 6 . i l . 7 1 0 0 .
. . . 1 0 .3 5 .4 4 .9 1 0 .8 9 5 .
M . . . 9 .9 5 . 4 .9 1 0 .4 9 5 .
P . . . 1 1 .8 5 .8 6 . 1 3 . 9 1 .
F .  « . 1 0 . 6 .4 5 ,6 1 2 .5 9 6 .
P . .  • 1 1 . 5 .8 5 .2 1 1 .5 9 5 .
P * . . 1 2 .4 6 .3 6 .1 1 3 .1 9 4 .
Ex p i  a n a t i o n : The v a r i o u s  me a su r  enien t s  o f  t h i s  t a b l e  a a re  ta k e n  
e x a c t l y  as l a i d  down i n  t h e  e x p l a n a t i o n  o f  t a b l e
F i g .  7 4 .
C o m p a r is o n  o f  hurran cf and ^  p e l  v e s
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The p o s i t i o n  o f  th e  a c e ta b u lu m  on th e  p e l v ic  w a l l  i s  th u s  
d e f i n i t e ,  and b e in g  d e f in e d  by  th e  r e l a t i v e  b r e a d th  o f  hhe  
p e l v i s  s e x u a l d i f f e r e n c e s  a re  t o  be  e x p e c te d  in  th e  a du ] t  b i i a h  
s u b je c t .  I t s  a x i s ,  in  t h i s  s e n s e , i s  th e  c o n t in u a t io n  o f  th e  
s a c r o - a c e t a b u la r  l i n e  in  w h ic h  l i n e  th e  m o r p h o lo g ic a l  a x is  o f  t h  
th e  h e a d  o f  th e  fe m u r  l i e s ,  and  i t  may be d e te rm in e d  as th e  
l i n e  a t  r i g h t  a n g le s  t o  th e  c e n t r e  o f  th e  w e ig h t  t r a n s m i t t i n g  
a r e a ,  th e  s u p e ro -p o s ^ e r  i o r  q u a d r a n t .
5 *  THE CURVATURE OP THE ACETABULUM.
To O b ta in  t h e  c u r v a t u r e  o f  th e  a r t i c u l a r  
a c e ta b u lu m  s e c t io n  t r a c in g s  w e re  a n a ly s e d .  T t  i s  o n ly  
n e c e s s a ry  to  in d ic a t e  th o s e  s e c t io n s  a t  r i g h t  a n g le s  to  i t s  
ax  i s  , f i g . 7 5 , t o  t o  demo ns t r  a te  t h a t  t h  e c on t  in u o u  s c u rv e  
i s  n o t  s p h e r i c a l .  A g a in  i f  s e c t io n s  a re  made th ro u g h  th e  
a x is  i t  may be d e te rm in e d  t h a t  th e  a rc s  a re  n o t  p la c e d  on 
s p h e r i c a l  l i n e s ,  b u t  w o u ld  l i e  on an e l l i p t i c a l  b o u n d a ry ,  
th e  in c r e a s e  o f  c u r v a t u r e  t a k in g  p la c e  to w a rd s  th e  a c e ta b u la r  
f o s s a .  The a r t i c u l a r  a c e ta b u lu m  w e .w o u ld  h o ld  t o  be  th e  
C o n v e rs e  in  f o r m  o f  th e  fe m o r a l  h e a d , th e  s u r fa c e  b e in g  
d i v i s i b l e  i n t o  tw o  a re a s  m o s t c l o s e l y  d e s c r ib e d  as e l l i p t i c a l  in  
c u r v a t u r e .
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S e c t io n s  a t  r i g h t  a n g le s  t o  t h e  a x is  o f  th e  a c e ta b u lu m  
s h o w in g  t h e  n o n - s p h e r ic  i t  y o f  th e  a r t i c u l a r  s u r f a c e .
p k  m f  - F 0 U E *
*THB MIOHANISM Cf THB H tP JOINT
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THE MSCHANI3M OF H IP  J O IN T .
The o s s e o u s  e le m e n ts  o f  th e  h ip  j o i n t  a re  n o t  
d e v e lo p e d  t o  th e  same e x t e n t ,  th e  a c e ta b u lu m  b e in g  d e f i c i e n t :  
and  t h e  in c o m p le te  p o r t io n s  a re  r e p la c e d  b y  y i e l d i n g  and 
m o v a b le  s t r u c t u r e s .  T h is  r e s t r i c t i o n  i s  p o s s ib le  s in c e  th e  
w h o le  Of b o th  s u r fa c e s  i s  n o t  e s s e n t ia l  f o r  th e  d e v e lo p m e n t Of 
t h e i r  a c t i o n ,  and i s  r e f e r a b le  t o  th e  p r i n c i p l e  o f  econom y o f
o r g a n ic  s t r u c t u r e .  The a r t i c u l a r  s u r fa c e s  have  b ee n  show n t o  be
n o t  « c o n tin u o u s  c u r v e s  b u t  t o  be  com pounded o f  s e p a r a b le  a r e a s ,  
and th e  c u r v a t u r e s  o f  o p p o s in g  a re a s  h a v e  b ee n  d e s c r ib e d  i d e n t i c a l ,  
so t h a t  t h e i r  r e c i p r o c a l  c o n f  i g u r a t i o n  w i l l  d e te rm in e  th e  
m ovem ents o f  th e  bO nes r e l a t i v e  t o  one a n o th e r  w i t h i n  th e  j o i n t .
O f e a ch  s u r fa c e  we have in d ic a t e d  t h a t  i t  i s  p o s s ib le  to  
d i f f e r e n t i a t e  two a re a s  f a c e t s ,  one p o s t e r o - s u p e r io r l y  and 
th e  o th e r  a n te r  o -  i n f  e r i o r  i  y , and  th e  c o r r e s p o n d in g  o p p o s in g  
s u r fa c e s  b e in g  r e l a t e d  o n ly  to  one a n o th e r  i n  a c t io n  th e  comb in  :
: a t  io n  c o n s t i t u t e s  an a r t i c u l a r  c o u p le  : so t h a t  w h a t  may be
d e te rm in e d  o f  th e  m ovem ents o f  one f a c e t  w i l l  be r e f e r a b le  
c o n v e r s ly  t o  i t s  c o m p le m e n t.
By th e  s tu d y  o f  th e  r e l a t i o n s  o f  p l a s t e r  c a s ts  o f  
i t s  s u r fa c e s  and b y  o b s e r v a t io n  o f  s e c t io n s  o f  th e  c o m p le te  
j o i n t  d u r in g  t h q i r  m o v e m e n ts , i t  may be  d e te rm in e d  t h a t  th e  
p o s t e r o - s u p e r io r  a r t i c u l a r  c o u p le  i s  in  a c t io n  d u r in g  th e  m ovem ents 
o f  f l e x i o n  and e x te n s io n  f r o m  th e  m id  p o s i t i o n ,  and t h a t  d u r in g  
t h i s  e x c u r s io n  o f  m ovem ent th e  a n t  e r o - i n f e r  i o r  c o u p le  i s
l66.
i n a c t i v e  s in c e  i t s  s u r fa c e s  a re  n o t  in  c o n t a c t ,  t h a t  i s  a re  
in c o n g r u o u s .  KONIG has  c o n c lu s i v e ly  demons ti"  a te d  th e  in c o n g r u i t y  
b y  s e c t io n s  o f  t h e  f r o z e n  j o i n t s  and th e  f i n d i n g  o f  t h i c k  la y e r s  
o f  s y n o v ia  b e tw e e n  th e  s u r f a c e s .  Beyond th e  m id  p o s i t i o n  • 
o f  th e  l im b  th e  pos t e r  o=*sup e r i o r  a re a  o f  th e  f e m o r a l  h e a d  p a s s e s  
on t o  th e  y i e l d i n g  t r a n s v e r s e  l ig a m e n t  and th e  an t e r  o -  i n f  e r  AoA 
f a c e t  Comes i n t o  a c t io n  on t h e  c o m p le m e n ta l a re a  o f  th e  a c e ta b u lu m . 
We s h a l l  c o n f in e  o u r s e lv e s  to  th e  s tu d y  o f  th e  m ovem ents o f  
t h e  f o r m e r  a r e a .
The l i n e s  a lo n g  w h ic h  th e  head  o f  th e  fe m u r  
a c t s  r o u n d  i t s  p r i n c i p l e  a x is  may b e  r e p r e s e n t e d ,  i n  r e l a t i o n  
t o  a c i r c l e  p la c e d  e x t e r n a l l y ,  b y  t h a t  s a r ie s  o f  c u r v e s  w h ic h  
v /e re  show n to  r e p r e s e n t  i t s  s e c t io n a l  c i r c u m fe r e n c e ,  ( f i g . 76 A . )
The m ovem ent o f  e x t e n s io n ,  o r  t h e  a n t e r i o r  r e v o l u t i o n  o f  th e  
h e a d , i s  t h e r e f o r e  a lo n g  a c u r v e  g r a d u a l l y  d e c r e a s in g  in  
r a d iu s ,  so t h a t  when th e  an te r  o - i n f e r  i o r  q u a d r a n t  i s  r e a c h e d  
t h e  c o n t in u a t io n  o f  th e  c u r v e  i s  i n  c o m p le t io n  o f  a r  i g h t  - iv in d  in  g 
s p i r a l  : ( f i g . 76 B . ) t  o r  i n  th e  re v  e rs e  m ovem ent o f  f l e x i o n  
f r o m  th e  e x te n d e d  p o s i t i o n  t h e r e  is  a s im p le  u n w in d in g  a lo n g  
t h e  same p a t h , -  a r i g h t - w i n d in g  s p i r a l  i n  th e  r i g h t  j o i n t .
LANGBR, HBNKB, and MglGBNBR have  e a c h  shovm t h a t  th e  j o i n t  
s u r fa c e s  o f  th e  e lb o w  and th e  a n k le  a re  o f  s c re w  C o n f ig u r  a t  io n  
w h i l e  GOODSx r  h a s  d e s c r ib e d  th e  k n e e  and has in d ic a t e d  t h e  
h ip  as a c t in g  th r o u g h  s i m i l a r l y  c o n fo rm e d  s u r f a c e s .  The 
d e m o n s t r a t io n  o f  t h e  a c t u a l  c u r v e s  o f  a c t io n  o f  th e  h e a d  o f
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t h e  fe n x ir  may be c a r r i e d  o u t  in  th e  m anner e la b o r a te d  b y  
LANO-sR f o r  th e  u p p e r  s u r fa c e  o f  th e  a s t r a g u lu s .  A s t e e l  p o in t  
i s  made t o  p r o j e c t  s u f f  i c i e n t l y  b e y o n d  the a c e ta b u lu m  t o  
p ro d u c e  p a r k in g s  on th e  fe m o r a l  h e a d  w hen th e  l i n b  i s  m oved 
th r o u g h  f l e x i o n  and e x te n s io n  f r o m  th e  m id  p o s i t i o n ,  and  th e
f i g .  7 6 .
The l i n e s  o f  c u r v a t u r e  a lo n g  w h ic h  th e  h e a d  o f  th e  
fe m u r  piay be s u p p o s e d  t o  a c t .
'Curves so  o b ta in e d  a re  c o m b in e d  . w i t h  one a n o th e r  so t h a t  th e  
p r o lo n g e d  l i n e  rep re s en ts  th e  c Q nf ig u r  a t  io n  o f  th e  w h o le  
s u r f a c e .  The r e s u l t  o f  s u c h  an e x p e r im e n t  i s  r e p r e s e n te d  
i n  f i g . 7 7 , and  s u b s t a n t ia t e s  th e  c o n c lu s io n  * t h a t  th e  h e a d  
o f  the f e u u r  r o t a t e s  a lo n g  a r i g h t  w in d in g  s c re w  curve in  
e x te n s io n  o f  th e  r i g h t  j o i n t . ”
During their action the elements of the 
couple will therefore glide past One another in two directions 
so that the actual movement observed or recorded is the
168,
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r e s u l t a n t  o f  tv  o c o m p o n e n t m o v e m e n ts . The m ore  e x te n d e d  i s  th e  
p r im a r y  m ovem ent and d e te rm in e s  th e  le n g t h s  o f  th e  f a c e t s :  th e  
o th e r  i s  th e  s e c o n d a ry  m ovem ent and d e te r m in e s  t h e i r  b r e a d th s *  
The r e s u l t a n t  o r  a c t u a l  m ovem ent as a l r e a d y  in d ic a t e d  o c c u rs  
a l t e r n a t e l y  in  o p p o s i te  d i r e c t i o n s  a lo n g  t h e  same p a t h ,  b u t  
i n  One d i r e c t i o n  to  th e  e s ta b l is h m e n t  Of th e  m axim um  o f  
C o n g r u i t y  w h ic h  i s  t o t a l  , i n  t h e  o th e r  d i r e c t i o n  to  t h e
^ *,
\  ^
? i g .  7 7 .
T r a c in g s  on th e  head  o f  th e  r i g h t  fe u iu r  in  th e  m ovem ent 
o f  e x te n s io n  o b ta in e d  b y  a s t e e l  p r o j e c t i o n  f r o m  th e  
a c e ta b u lu m  a t  r i g h t  a n g le s  t o  t h e  a x is  o f  c u r v a t u r e *
The a n te r  o - i n f e r  i o r  ends o f  th e  t r a c in g s  show a sudd en  
in c r e a s e  o f  c u r v a t u r e  c o i n c id e n t  w i t h  and  r e p r e s e n t in g  
th e  e x t e r n a l  r o t a t i o n  o f  th e  fe m u r  r o t a t i o n )
a t  th e  C lo s e  o f  e x t e n s io n .  O m i t t in g  t h i s  l o c a l  in c r e a s e  
th e  o th e r  p a r t s  o f  th e  c u r v e s  fo r m  th e  t h r e a d  o f  a r i g h t  
w in d in g  s c re w .
m in im u m : and b e tw e e n  th e  c o m p le t io n  o f  th e s e  m ovem ents th e r e  
w i l l  be  a s u c c e s s io n  o f  e x te n ts  o f  c o n g ru e n c e  %^hich w i l l  be
i .  T t  i s  show n b y  a c t u a l  e x p e r im e n t  t h a t  i t  i s  im p o s s ib le  t o  
C o n s id e r  a p u re  r o t a t i o n  as th e  s o le  mor e m e n t o f  th e  h e a d : 
f o r  th e n  th e  p a th s  o f  move mien t  i-» o u i d h a ve  bee n  c o n c e n t r ic  
c i r c l e s  r o u n d  th e  p o la r  e x t r e m i t y  o f  th e  m a in  a x is *
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d e te rm in e d  by  th e  s u c c e s s iv e  a d a p ta t io n s  o f  t h e  o p p o s in g  
s u r f  aces  i n  b o th  ] o n g i t u d in  a ] and  tra n s v  e r se ou r v  a tu r  e s •
The g e o m e tr ic  e q u ia n g u la r  s p i r a l j l s  th e  c u r v e  w h ic h  f u l f i l l s  
th e  C o n d i t io n  o f  s u c c e s s iv e  a d a p ta t io n s  o f  th e  o P P O s |in g  
s u r f a c e s ,  t h a t  i s  a c u r v e  t h e  a n g le s  o f  w hose c o r d in a t e s  a re  e q u a l 
a t  any  d is ta n c e  f r o m  i t s  apex and  whose p a r t s  s u b te n d e d  b y  th e  
same p o la r  a n g le ,  h o w e v e r d i f f e r e n t  t h e i r  l e n g t h s ,  a re  
g e o m e t r ic a l l y  s im i l a r  b u t  g r e a te r  o r s m a l le r  as th e  c u r v e  a é v tiije e s  
away f r o m  o r  to w a rd s  th e  a p e x .  The o p p o s in g  s u r fa c e s  th u s  
g e n e r a te d  w o u ld  be th e  c o n v e x  and  c o n c a v e  e le m e n ts  o f  a 
c o n ic a l  s c re w  c o m b in a t io n .
The e le m e n ts  o f  s u c h ,  i f  b o th  a re  c o n s t r u c t e d  
o f  even  c o m p a r a t iv e ly  U n y ie ld in g  m a t e r i a l s ,  do n o t  c o i n c id e ,  
and  c o n s e q u e n t ly  do n o t  a f f o r d  a n y  s e r v ie  i b l e  r e s u l t ,  t i l l  t h e y  
h a ve  been  s c re w e d  hom e: b u t  vihen s c re w e d  home th e  e le m e n ts  a re  
C o in c id e n t  and  f i x e d .  I n  s c r e w in g  and u n s c r e w in g  s u c h  a 
c o m b in a t io n  t h e r e  i s  one g e n e ra l d i r e c t i o n  b y  w h ic h  th e  
m ovem ents m u s t be g u id e d ,  a r o t a t i o n  o f  one o r  th e  o t h e r ,  o r  o f  
b o th  in  o p p o s i t e  d i r e c t i o n s ,  in  th e  a x is  o f  th e  c o m b in a t io n :  
t h e  p r im a r y  m ovem ent i s  m ovem ent a lo n g  th e  t h r e a d  o f  an 
e q u ia n g u la r  s c re w  and  th e  s e c o n d a ry  m ovem ent i s  a c ro s s  th e  th r e a d  
and  w i l l  be  on a p a th  o f  s i m i l a r  c h a r a c t e r i s t i c s .  I n  v i r t u e  
o f  th e  c o m b in a t io n  o f  th e s e  m ovem ents a p o i n t  On th e  s u p e r io r  
s u r fa c e  o f  th e  h ea d  p a s s e s  u p w a rd s ,  f o r w a r d s ,  and  In w a r d s ,  so 
t h a t  t h e r e  i s  an a d v a n c e m e n t o f  t h e  w h o le  h e a d  w i t h i n  th e  
a c e ta b u lu m  in  th e  m ovem ent o f  e x t e n s io n .  L a s t l y ,  i n  o r d e r  to
17C.
m a in t a in  th e  s u c c e s s io n  o f  s u r fa c e  a d a p t a t io n s ,  so t h a t  th e r e  
w i l l  be no su d d e n  lo s s  o f  s t a b i l i t y  i n  u n s c re w in g  th e  
C o m b in a t io n ,  th e  axes  o f  th e  e le m e n ts  m u s t f r o m  t h e i r  
c o in c id e n c e  in  th e  lo c k e d  p o s i t i o n  d iv e r g e  f r o m  one a n o th e r ,  
and t h i s  o c c u rs  i n  th e  s e c o n d a ry  r o t a t o r y  m ovem ents o f  
th e  fe m u r .
The m ovem ents w i t h i n  th e  h ip  j o i n t  a re  n o t ,  
t h e r e f o r e ,  m ovem ents o f  r e v o l u t i o n ,  b u t  in  p a s s in g  f r o m  a 
p o s i t i o n  o f  s e m i - f l e x i o n  t o  one o f  f u l l  e x te n s io n  th e
m ovem ent Of th e  h ea d  o f  th e  fe m u r  i s  one o f  r o t a t o r y  g l i d i n g  '
o v e r  th e  o p p o s i te  a re a  o f  th e  a n e t a b u l t o .  T h is  m ovem ent i s  
C o n t in u e d  t i l l  t h e  o p p o s in g  s u r fa c e s  c o n c e rn e d  in  th e  
w e ig h t  t r a n s m is s io n  h a ve  becom e c o m p le te ly  c o n g r u e n t :  t h a t  i s  
th e  p o s t e r o - s u p e r io r  a re a  o f  th e  h ea d  o f  th e  fe m u r  i s  s c re w e d  
on  t o  and f i t s  e x a c t l y  th e  i l i a c  and th e  s u p e r io r  i s c h i a l  
a re a s  o f  th e  ace ta b u  lu m  To r e a c h  t h i s  p o s i t i o n  th e  a x is  o f
mjQvement g One t h r o u g h  b y  th e  h e a d  o f  th e  fe m u r  h a s  been  one
w i t h  a d i r e c t i o n  in w a r d s ,  f o r w a r d s , and u p w a rd s ,  th e  w h o le  
h e a d  h a v in g  a d v a n c e d  a lo n g  t h i s  a x is  so  t h a t  th e  in  t e r  t r  oc han : 
t e r  ic  m e a su re m e n t i s  , on an a v e r a g e , .8  cms. le s s  in  th e  
e x te n d e d  p o s i t i o n  when co m p a re d  w i t h  t h a t  o f  th e  p o s i t i o n  o f  
s & m i - f ie x io n .  The fe m u r  i s  nOw f u l l y  lo o t e d  home in  t h e  f u l l  
c o n g r u i t y  o f  i t s  s u r fa c e s  and  in  th e  t i g h t e n in g  o f  i t s  
c h e c k in g  mec h a n isz ri, t h e  i l io - f e m o r a l  l i g a m e n t :  and  any  
a t t e n ^ t  a t  f u r t h e r  e x te n s io n  w o u ld  le a d  t o  th e  a c t i v i t y  o f  
tw o o p p o s in g  f a c t o r s .
1 .  The b r e a k in g ,  in  th e  d i r e c t i o n  o f  i t s
3.71.
e s ta b j- is h r n e n t ,  o f  th e  c o n g r u i t y  o f  tw o  o p p o s in g
s u r fa c e s  and  an a t te m p t  to  m a te , a s m a l le r  fe m a le
e le m e n t r e c e iv e  th e  c o n t in u e d  a d v a n c e m e n t o f  a
l a r g e r  m a le  e 1 emen t ,  b e e a u s e  o f  t h e  c o n t in u e d
a c t io n  o f  th e  t i g h t e n i n g  m e c h a n is m : and
2 .  t h e  i m p o s s i b i l i t y  o f  a n y  g r e a te r  e x te n s io n  o f  th e
t i g h t e n i n g  m e ch a n ism , th e  a c t io n  o f  w h ic h  has
re a c h e d  i t s  max in u  m in  a d i r e c t i o n  w h ic h  te n d s  t o
lo c k  th e  j o i n t  a t  th e  moment o f  f u l l  e x t e n s io n ,  th e  head
o f  th e  fe m u r  h a v in g  been  f o r c e d  as f a r  as p o s s ib le
w i t h in  th e  g ra s p  o f  th e  a c e ta b u lu m .
H y p e r -e x  te n  S io n  w o u ld  th u s  n o t  O n ly  ca u se  a r u p t u r e  o f  th e  
11 lo - f e m o r a l  1 ig a m e n ta  b u t  in  a d d i t i o n  th e  h e a d  o f  th e  fe m u r  
w o u ld  have  t o  s c r e w  i t s e l f  o u t  o f  th e  j o i n t ,  th e  th re a d  o f  
w h ic h  s c re w  w o u ld  be in  an o p p o s i t e  d i r e c t i o n  t o  t h a t  b y  w h ic h  i t  
was lo c k e d  hom e.
The same ty p e  o f  m e c h a n is m  o c c u rs  i n  th e  a c t io n  
o f  th e  a n t e r i o r  a r t i c u l a r  c o u p le :  so t h a t
THS MECHANIBM. OF THE H IP  JO IN T IN  THE FUTjL  RANGE 
OF IT B  MOVEMENT IB  IN  THE ALTERNATE ACTION OP 
' TWO CONICAL BCREW COMBINATIONB : BUT IN  THE 
O IL IN A R Y  MOVEMENTB ap PAR AS SEM I-FLEX IO N  THE 
POSTERIOR COUPLE ALONE IB  IN  FUNCTION, BEING 
CONCERNED IN  THE WEIGHT TRANSMISSION OP THE BODY.
l it e r a t u r e .
I n  th e  f 'O jlô v . r in g  a r t i c l e s  m o s t o f  t h e  l i t e r a t u r e  on th e  h ip  
j o i n t  i s  in  d e t a i l  o r  i n  r e fe r e n c e  : . th e y  a re  th e  w o rk s  r e f e r r e d  
t o  th r o u g h o u t  t h i s  t h e s i s .  , •
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